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ABSTRACT

Plasmodium parasites cause serious, but treatable febrile illness if managed early
with effective therapies. Malaria infections have been linked to various factors like
vector dynamics, environmental changes and individual or community factors such as
malaria knowledge and practice behaviours. This study compared these latter two
factors between South African and Nigerian healthcare professionals and
communities. As well as assessed the efficacy of fiffteen commercially available
mosquito repellents reportedly used and available in Johannesburg South Africa.

The cross-sectional survey on the knowledge, attitudes, and practices of respondents
on malaria management was conducted with a semi-structured questionnaire. A total
of 1,144 questionnaires were completed by 752 South Africans (65.7%) and 392
Nigerians (34.3%). Most respondents had good malaria-related knowledge (68.8%; n
= 779), with a significantly higher (p <0.001) proportion from South Africa (73.8%)
compared to Nigeria (59.2%). The malaria-related knowledge was found to be
associated with the respondent’s gender (p=0.022), educational status (p<0.034),
occupational status (<0.001) and age (p<0.001). More misconception on the malaria
vector was seen among the South African respondents. The healthcare professionals
(HCPs) knowledge of first line therapies for management of both uncomplicated and
severe malaria was significantly different (p<0.001) between the study countries. In
general, a total of 82.1% of the participants have used mosquito repellents with 84.5%
in Nigeria compared to 80.8% South Africans.

After collating information on commercially available repellents, the efficacy of 15
commercial repellents were compared to DEET in a non-contact test chamber housing
starved female Anopheles gambiae mosquitoes. The DEET (Tabard™ lotion; 19.5%)
provided a mean protection of 99.1 + 0.87% for all four tested volunteers; with a slightly
higher mean protection of 99.45 + 0.3% obtained with Medi-scabiol™ soap (citronella
oil). Of the recorded repellents, only 59.8% specified SABS approval on the product.

In conclusion, despite the good knowledge and attitude of the respondents, there
were some misconceptions amongst the respondents from both countries that could
be improved through continuing education. Furthermore, the citronella-based repellent
products are effective for short-term personal protection from mosquito bites, however,
DEET remains the gold standard repellent product for long-term protection.
Consumers are advised to check for SABS approval for any product they intend to use

to ensure optimal protection.
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CHAPTER ONE:
INTRODUCTION AND LITERATURE REVIEW

1.1 Malaria and Epidemiology

Malaria the disease as old as humanity itself, is often called the “king of diseases”
because it has killed mankind in the history more than any other disease or war
(MalariaSite, 2016). The cause of this deadly disease is an apicomplexan parasite in
the genus Plasmodium that infects many vertebrates, causing a serious, but treatable
febrile iliness if early and effective therapies are instituted (Gilson et al., 2019). The
genus Plasmodium has 156 species, however only five of these commonly cause
disease in humans, which include: Plasmodium falciparum, P. vivax, P. ovalae, P.

malariae and P. knowlesi (Aguiar et al., 2019).

The P. knowlesi, previously considered to cause zoonotic malaria in old world monkeys
is now reported to cause malaria in humans. P. knowlesi infections are commonly
misdiagnosed as P. malariae (Singh et al., 2004; Raja et al., 2020). Recently
Karunajeewa and Berman (2019) reported a spike of human malaria cases caused by
P. knowlesi in Sabah, Malaysia. Although mainly reported from Asia, infections with P.
knowlesi are often severe and fatal, hence attracting global attention (Cox-Singh et al.,
2008; Raja et al., 2020).

The other zoonotic species reported in Brazil to cause malaria in humans includes P.
simium (Brasil et al., 2017), P. cyanomolgi identified from Malaysia (Ta et al., 2014)
and P. brasilianum, which is a new world monkey quartan malaria parasite diagnosed

in humans in the Venezuelan Amazon (Lalremruata et al., 2015).

Malaria is seen worldwide and is among the world’s deadliest infections, with P.
falciparum responsible for most of the mortalities associated with malaria (Aguiar et
al., 2019). Moreover, malaria is one of the diseases that has left a genetic mark in
human history with the prevalence of genetic variations, such as thalassemia, sickle-
cell disease, glucose-6-phosphate dehydrogenase deficiency and many other human

defects traceable to malaria (Bynum, 2008).

Malaria is still endemic in many countries and the current control measures worldwide

seem to be insufficient (Espinoza, 2019). For the year 2020, WHO reported 241 million



cases of malaria globally, which is 14 million cases higher than 227 million cases
reported in the previous year 2019. This increase was attributed to the disruption of

malaria-related activities caused by the ongoing Covid-19 pandemic (WHO, 2021).

The 22% reduction in malaria cases seen over the past 10 years, has resulted in a
40% decrease in mortality in Africa (WHO, 2018e), but this progress has now stalled
or even been reversed in some countries. Eleven countries accounted for 70% of the
world malaria cases 2017 and ten of these countries were in sub-Saharan Africa and
this is worrisome (WHO, 2018e).

Over the last two decades malaria control and elimination had received massive
support by the international communities especially in sub-Saharan Africa, where the
use of indoor residual spraying (IRS), artemisinin-based combination therapy (ACT),
strengthening of healthcare systems and use of intermittent preventive therapy in
pregnancy have resulted in a 52% decrease of disability adjusted life years globally
between 1990-2016. However, despites this positive achievement, malaria still exerts
a massive health and economic burden in sub-Saharan Africa, where the Global
Burden of Disease 2016 report indicated that 10% of the disability adjusted life years
is caused by malaria in sub-Saharan Africa (Amimo et al., 2019).

Although the use of indoor residual spray (IRS) and/or long-lasting insecticides treated
nets (LLINs) used in malaria prevention has recorded great success in countries where
such programs exist, these methods rarely led to the total elimination of malaria in the
tropics. Their success is limited due to multiple factors such as insecticide resistance,
inappropriate implementation, political instability as well as behavioural preferences in

the vector population (Killeen, 2014).

1.2 Trends of Malaria in South Africa and Nigeria

South Africa has recorded positive progress in malaria control over the past 8 decades
(Coetzee et al., 2013; SADOH, 2019), however malaria transmission is still seen in
KwaZulu-Natal, Mpumalanga and low altitude areas of Limpopo, with sporadic
transmissions periodically seen in the North-West province, mainly along the Molopo
and Orange Rivers, with P. falciparum accounting for the majority of malaria cases in
South Africa (SADOH, 2018). The transmission of malaria is seasonal with a peak

period of transmission seen mainly between September to May (SADOH, 2018).



Currently the main vector responsible for this transmission is Anopheles arabiensis, a
member of the An. gambiae complex. Other species in the complex include, An.
quadriannulatu sp and An. merus. Historically as well as during the 1999/2000 malaria

epidemic, An. funestus was the main vector implicated (Coetzee et al., 2013).

South Africa is in a malaria pre-elimination phase characterised by low malaria
transmission (Moonasar et al., 2021).The malaria control programme has been
operational since 1945 with many approaches used to eliminate malaria in South Africa
(Coetzee et al.,, 2013), These approaches include: IRS for vector control, rapid
diagnostic tests for rapid diagnosis and management, use of ACT, disease
surveillance, epidemic preparedness and response and health promotion (Coetzee et
al., 2013). However, the main interventional method is intensive indoor house spraying

with dichlorodiphenyltrichloroethane (DDT) and pyrethroids (Brooke et al., 2013).

In Nigeria malaria is holoendemic and of public health concern, it imposes a significant
morbidity and mortality in the country. It is the most widespread mosquito born disease
and the number one killer disease in the country, even though it is ironically referred
to as “common malaria” by the citizens, approximately 97% of the population are at
risk, with 51 million and 207,000 annually reported cases and death respectively
(Okwa, 2019; Afolabi et al., 2019).

The commonest and most virulent malaria parasite species in the country is P.
falciparum and is responsible for the 95% of malaria cases; while P. malariae causes
5% of the infections. Plasmodium ovale infections in Nigeria are rare, with P. vivax
completely absent not only in Nigeria, but also in west Africa. This is thought to be
mainly due to the lack of the duffy antigen needed for the parasite invasion; although
this is not always true due to the findings of sporadic cases of P. vivax isolates in a
duffy antigen-negative patient (Oboh et al., 2018).

Historically malaria control is the oldest control program in Nigeria, having being
operational since 1948, the main strategies of malaria control in Nigeria include: free
distribution of long lasting insecticide treated nets (LLINs) which was initially approved
to all children and pregnant women, but in 2009 it was scale up to include all ages,
indoor residual sprays (IRS) approved since 2007 for prevention and control of
epidemics, intermittent preventive therapy in pregnancy, home management of malaria

which was adopted in 2005, and free artemisinin-combination therapies (ACTs) for all



under five years children and highly subsidized ACTs for other age groups in public
hospitals. However, these strategies have not produced an optimal result, as the
country failed to achieve the Abuja, and Roll Back Malaria targets (RBM) and presently
Nigeria is trailing far behind in malaria control (Chukwuocha, 2012; Amzat, 2011,
Maduka, 2018). Recently Nigeria has added WHO recommended seasonal malaria

chemoprevention for children aged 3-59 months (Ward et al., 2022).

Also, anaemia is a common complication of malaria, although it has many causes. In
South Africa severe anaemia is defined as a haemoglobin concentration less than 7g/dI
or a haematocrit of less than 20% (SADOH, 2019). The prevalence of anaemia among
all South African citizens that are older than 15 years of age was reported to be at
17.5%, where it is considered to be a moderate public health problem in women and
mild public health problems in males (Shisana et al., 2014; SADOH, 2019 ).

The mechanism of anaemia in a malaria-infected patient is complex. However, the
destruction of parasitized and uninfected RBCs (haemolysis), unregulated cytokines
stimulations such as tumour necrotic factor, interleukin-10 and bone marrow
dysfunction have been reported to be mechanisms of anaemia (Abdulkareem et al.,
2017; SADOH, 2018). Additional known aetiologies of haemolytic anaemia are known
to be associated with Plasmodium infections, namely, as a possible complication of
concurrent glucose-6-phosphate dehydrogenase deficiency, severe parasitaemia, or
use of parenteral antimalarials. In the case of ‘severe parasitaemia’, haemolysis occurs
during the intra-erythrocytic stage of the parasites’ life cycle; where at the end of the
infection cycle, the red blood cells rupture resulting in a reduced number of functional
red blood cells. As the parasitaemia increases, the severity of anaemia worsens as
more infected red blood cells lyse (Menendez, Fleming, Alonso, 2000). In some cases
of patients receiving parenteral artemisinin, they have been affected by episodes of
anaemia after the clearance of the protozoal infection. These episodes are known as
post- artemisinin delayed haemolysis (PADH). This is linked to the destruction of
circulating parasitized red blood cells from which, after artesunate therapy, the
parasites have been removed by “pitting” in the spleen, thereby deemed as once-
infected red blood cells (Sardar et al.,, 2021). The haemolysis can occur anytime
between a few days to four weeks after receiving the medication. Appropriate therapy

is required to rectify patient haemoglobin levels to reduce the risk of death.



1.21 Malaria vectors in South Africa

In South Africa various Anopheles species have been identified including mosquitoes
(Table 1.1) belonging to the An. gambiae complex and the An. funestus group
(Christian et al., 2018). Anopheles funestus and An. arabiensis have been reported to
be resistance to insecticide mainly in northern Kwazulu-Natal (Christian et al., 2018;
Munhenga et al., 2022). The propoxur carbamate drug resistance in An. funestus is of
epidemiological interest due to its higher intensity in malaria transmission as seen in
1996 to 2000 malaria epidemic in South Africa; the mechanism of propoxur carbamate
drug resistance was believed to be a result of cross resistance to pyrethroid insecticide
which occurred due to the higher level of mixed function oxidases which is the enzyme
responsible for the detoxification of pyrethroid in mosquitoes (Brooke et al.,
2001).However, the pyrethroid resistance An. arabiensis are not of much
epidemiological significant because of its low intensity in malaria transmission (Samuel
et al., 2018b; Gillies and Coetzee, 1987; Gillies and De Meillon, 1968). Currently, the
primary vector responsible for the transmission of malaria in South Africa is An.
arabiensis, while An. merus, An. parensis and An. vaneedeni are thought to act as
secondary vectors (Christian et al., 2018). However, most researchers believed these
species becomes accidently infected with malaria parasites since they mainly feed on
animals (Maharaj et al., 2019; Burke et al., 2019a; Burke et al., 2017; Dandalo et al.,
2017).

Table 1.1: Anopheles species collected by the vector surveillance team in South
Africa in 2018 (Samuel et al., 2018b).

Anopheles species
complex, group or other

Anopheles species

An. arabiensis

An. gambiae complex An. merus An. quadriannulatus
An. /eesonl. An. rivulorum-like
An. funestus group An. parensis

. An. vaneedeni
An. rivulorum

An. coustani An. pretoriensis

An. demeilloni An. rhodesiensis
Other Anopheles species An. listeri An. rufipes

An. marshallii An. squamosus

An. pharoensis An. tenebrosus




The main vector control intervention in South Africa is indoor residual spray (IRS) which
was known to mainly protect people while indoors, however the current vectors like An.
arabiensisis, An. merus display opportunistic feeding and resting behaviours (Gillies
and De Meillon, 1968; Gillies and Coetzee, 1987). Their ability to also feed and rest
indoors as well as outdoors reduces the efficacy of indoor vector control measures
(Samuel et al., 2018b; Dandalo et al., 2017). In view of the necessity to break the
transmission circle to achieve a complete malaria elimination in South Africa there is
need to deploy a measure that protect people while outdoors, enhancing the use of
mosquito repellents can be a good complementary measure to the currently used

vector control measures in the country.

1.2.2 Malaria vectors in Nigeria

Similarly in Nigeria the main malaria vectors belongs to the An. gambiae complex (An.
gambiae s.s. and An. arabiensis) and An. funestus group (FMOH, 2014). The An.
gambiae s.s. and An. arabiensis typically breeds in temporary bodies of fresh water
such as ground depressions and pools, while the An. funestus breeds in a permanent
and semi-permanent water with an emergent vegetation such as large ponds and
swamps (Gillies and De Meillon, 1968). These vectors are seen all over the country,
stretching from the mangrove and coastal areas at the southern part to the Sahel
region at the northern part of the country (FMOH, 2014; Adigun et al., 2015).

Anopheles melas, a member of An. gambiae complex breeds in salt water and is found
in the mangrove and costal region of the south-south and southwestern part of Nigeria
(Amadi et al., 2015; FMOH, 2014). Anopheles gambiae s.s. feeds on humans and rest
indoors (endophilic), it has a sporozoites rate of 0.2% to 11.8% (FMOH, 2014). In
contrast Anopheles arabiensis rest outdoors (exophilic) and feed on both animals and
humans, it has a sporozoite rate of 0-4.8% (Amadi et al., 2015; FMOH, 2014).
Anopheles funestus has an infection rate of 1.2% to 2.3%, it rests indoors and feeds
on both humans (FMOH, 2014). When the different malaria vectors co-exist in a
country, the infection rate was always higher in An. gambiae s.s., followed by An.
funestus and An. arabiensis (FMOH, 2014). Furthermore, infection during the wet
season is mainly due to the An. gambiae s.s., while during the dry season is mainly
due to the An. arabiensis (FMOH, 2014).

Resistance of these vectors to some insecticide was also reported in Nigeria mainly at
the northern and southwestern parts of the country (Atting et al., 2019; Awolola et al.,
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2018 ). Anopheles gambiae s.s. was found to be resistant to DDT, pyrethroids and
carbamates, An.funestus was resistant to DDT and dieldrin, while An. arabiensis was

resistant only to pyrethroid (Atting et al., 2019; Djouaka et al., 2016; Awolola et al.,
2018).

1.3 Life cycle of malaria parasite

The life cycle of Plasmodium parasites is very complex, but it can be simplified in to
two phases which include: the asexual cycle that occurred in human and the sexual
cycle that occurred in the mosquito. The two cycles are presented here in ten stages
for easy comprehension (Figure 1.1) (Klein, 2020).

! 1 ls
1. Transmission to human \%
(injects sporozoites via bite)

2. Sporozoites enter liver and
infect hepatocytes

9. Sporozoites develop

Life Cycle of the Malaria Parasite

mitotic replication

schizont

rupture

8. Migrates through
midgut wall,
forms ococyst

trophozaite /

4. Intraerythrocytic cycle k
(asexual/symptomatic cycle)

3. Liver cells rupture and
merozoites released

7. Gametocytes mate,
undergo meiosis

6. Transmission to mosquito f 5. Sexual cycle
(ingests gametocytes via bite) / ‘\\ (merozoites produce gametocytes instead)
Figure 1.1: Life cycle of malaria parasite (Klein, 2012).

1. The cycle begins when an infected female Anopheles mosquito feeds on a person,
during which the malaria parasites, in the form of a sporozoites are injected into
the blood stream.

2. The sporozoites are quickly transported into the human liver via blood circulation.

3. In the liver the sporozoites multiply asexually via mitosis over a period of 7 to 10
days.



4. Then the parasites in the form of a merozoites in vesicles are released from the
liver and transported through the blood stream into the lungs. These vesicles then
settle within the lung capillaries, where they later become disintegrated, releasing
a free merozoites that invade the red blood cells. From this point, the beginning of
the blood / intra-erythrocytic developmental stage.

5. While in the blood stream, the released free merozoites invade erythrocytes and
multiply asexually via mitotic division through an intra-erythrocytic cycle consisting
of the ring, trophozoite and schizont stages, resulting in the release of daughter
merozoites from the lysed erythrocyte. This cycle is repeated several times if not
appropriately treated, causing clinical symptoms each time the erythrocytes lyse
to release the merozoites.

6. A small percentage of the intra-erythrocytic parasites develop into the male and
female gametocytes to ensure the transmission of the parasite strain into new
hosts.

7. During a subsequent blood meal by the female Anopheles mosquito on an infected
person, it ingests the gametocytes which undergo further maturation into male and
female gametes.

8. These matured male and female gametes fused within the mosquito to form a
diploid zygote that developes into an actively mobile ookinetes. The latter stage
then migrates through the midgut wall of the mosquito to form oocysts at the
peripheral surface of the midgut.

9. Within these oocysts numerous sporozoites are formed and subsequently released
into the body cavity of the mosquito and then migrate to the salivary glands.

10.The cycle then repeats itself once this infected Anopheles female mosquito feeds

on its next human blood meal.

14 Vector control

Vector control has been defined by WHO as “measures of any kind against malaria-
transmitting mosquitoes, intended to limit their ability to transmit the disease” (WHO,
2018d). In controlling the malaria transmitting vectors the main strategies that proved
to be effective are the use of LLINs or IRS (Corréa et al., 2019). It is recommended
that any country with endemic malaria, should target the reduction of its malaria burden

and enhance elimination; instead of introducing new methods to potentially



complement the deficiencies of existing interventions which may not succeed (WHO,
2019b; Corréa et al., 2019; Yang et al., 2018).

The LLINs has been considered as one of the most effective and successful methods
of vector control and attributed to 68% reduction of malaria burden in Sub-Saharan
Africa between 2000 to 2015 (Njumkeng et al., 2019; Bhatt et al., 2015). However, to
date no country has reported the desirable minimum target coverage of 80% per

household who own one ITN for two people (Koenker et al., 2018).

IRS is widely used for malaria vector control to reduce malaria transmission (Zinszer
et al., 2019) and involves spraying an insecticide onto the walls of at least 80% of the
households in the target area (Zinszer et al., 2019). Between 2015 and 2018, a total
of 68 countries was reported to be using IRS with various formulations of insecticides,
including pyrethroids, organochlorines, carbamates, and organophosphates (WHO,
2018e; Zinszer et al., 2019).

Even though LLINs and IRS have been proven to be very effective, unfortunately these
methods only provide protections while indoors and leave people unprotected when
outdoors (Nguyen et al., 2018). As such to close this gap, WHO recommends the use
of mosquito repellents for personal protection whilst outdoors, especially when in
malaria endemic areas (WHO, 2019b). However, at present there is a lack of
supportive evidence for public health protections, as such mosquito repellents are not
recommended for mass deployment for malaria prevention (Nguyen et al., 2018; WHO,
2019b).

1.5 Mosquito repellents for personal protections

The word repellent was derived from the Latin verb repellere which simply means “to
reject” (Islam et al., 2017a). However, repellent has been defined by WHO as any
chemical or substance that causes mosquitoes to avoid the host skin (contact
repellent) or inhibit mosquitoes from entering an area or a room (spatial repellent)
(WHO, 2018d).

Mosquitoes has a sense of smell (Figure 1.2A) to detecting their host (Figure 1.2B), as
well as oviposition sites and to locate nectar (Sukumaran, 2016). They detect humans
through the olfactory cues released by humans, some of these olfactory cues include
carbon dioxide, 2-butane, ammonia, mixed phenols, lactic acids, 1-octen-3-ol and
carboxylic acids (Watentena and Okoye, 2019; Sukumaran, 2016; Ray, 2015).



It has been proposed that an odorant can be used to interfere with the ability of
mosquitoes to detect their host, and this can be achieved in three ways (Ray, 2015).
Firstly, as “repellents” which deters mosquitoes from the human host (push only)
(Figure 1.2D); secondly. as an “attractant’ that entices mosquitoes into a trap that is
located at a distance from the human host (pull only); and thirdly, as “maskers” that
blocks the attraction of mosquitoes to humans (Maskers) (Figure1.2C) (Ray, 2015).
However, field studies have shown that repellents (push) is more effective in providing
personal protection against mosquitoes than the other two methods (Mmbando et al.,
2019). A combination of repellents push plus traps, popularly called the push—pull
method, has been shown to be even more effective in reducing the mosquito biting

pressure than either method alone (Ray, 2015; Mmbando et al., 2019).

(A) (B)
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Figure 1.2: Mechanisms by which mosquito repellent act.

Calcium imaging of an Anopheles mosquitoes’ olfactory neurons (A), how
humans naturally attract mosquitoes (B), how synthetic chemicals worked as
Maskers (C) and how natural products worked as repellents (D) (Afify et al.,
2019).
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Mosquito repellents is a reliable means of personal protection not just for the people
residing in malaria transmission areas, but it is even more important for those visiting
the malaria transmission countries (Khater et al., 2019). Generally, mosquito repellents

can either be a synthetic chemical or a plant extract (natural products).

1.51 Synthetic mosquito repellents

Today there are many commercially available synthetic repellents on the market,
however the main concern with the commonly used synthetic mosquito repellents like
N, N-diethyl-3-methy-toluamide (DEET) is mainly related to their side effects,
insensitivity, possible resistance, and carcinogenicity to mammals (Thireou et al.,
2018). As a results of these concerns, many chemicals are still screened annually by
researchers with the common aim of discovering a novel and ideal mosquito repellent
(Thireou et al., 2018); where an ideal insect repellent should have various
characteristics (Table 1.2) to be effective against mosquitoes and have a favourable
safety profile. However, the ideal repellent product is yet to be discovered (Islam et al.,
2017a; Tavares et al., 2018).

Table 1.2: Characteristics of an ideal repellent (Tavares et al., 2018)

= protects an individual from biting insect as much as possible

= Reasonably longer duration of protection

= should work without any adverse effects

= should be chemically stable within the use conditions

= should have commercially affordable cost

" should be unscented or have a pleasant scent

. should have water and intense sweat resistance

. must not stain fabrics or clothing

" should be inert when in contact with plastics, acrylics, synthetics fibres and glass

" low skin penetration

1.5.11 N, N-diethyl-3-methy-toluamide

N, N-Diethyl-3-methy-toluamide (DEET) is regarded as the gold standard and the most
common active ingredient in most of the commercially available insect repellents (Ho
et al., 2019). It was first developed by the USA army in 1946 as a strategy to protect
the personnel against the insect bite while on duty in an insect infested area (Ho et al.,
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2019). DEET has been marketed for a personal protection against insect borne

diseases since 1965 (Ho et al., 2019) and general information related to DEET is

summarised in (Table 1.3). Several mechanisms of action of DEET have been

proposed and are summarised in (Figure 1.3).

Table 1.3: Summarised up to date information on DEET insect repellent.

Characteristics Descriptions

Chemical
structure

General
characteristics

Proposed
Mechanisms of
action:

Formulations:

Side effects and
other concerns:

Safety
precautions and
Users advice

N,N-diethyl-3-methyl-toluamide, DEET,
j?' Diethyltoluamide, N,N-Diethyl-m-toluamide
IH “rt""“f:H;. InChl=1S/C12H17NO/c1-4-13(5-2)12(14)11-8-6-7-

S~ Sew,  10(3)9-11/h6-9H,4-5H2,1-3H3
CHy SMILES=CCN(CC)C(=0)C1=CC=CC(=C1)C

Molecular Formula= C12H17NO (NCBI, 2022)

DEET is an oily, volatile liquid, slightly yellowish at room temperature,
insoluble in water, moderately soluble in petroleum ether, but very
soluble in alcohol (Tavares et al., 2018).

Feeding Inhibition (Ingestion) through activation of bitter taste
gustatory neurons within the sensilla on the labella of the mosquito
causing an inhibitory feeding response (Figure 1.3A) (Sanford et al.,
2013; Sparks and Dickens, 2016).

By stimulating insect smell (Olfaction) mainly via acetyl cholinesterase
pathway (inhibition) (Figure 1.3B) (Wille et al., 2011; Swale et al.,
2014; Legeay et al., 2018).

As contact inhibitor because mosquitoes use their tarsi to sense
DEET on contact to the DEET treated skin (Figure 1.3C) (Dennis and
Vosshall, 2018; Dennis et al., 2019).

Lotion, Sprays, long release microencapsulated hydrogel, emulsion or
hyphospheres (Edition, 2019), wrist or leg bands and treated clothing
among others

Burning sensation, blisters, skin eruptions, erythema, local necrosis,
Seizures, Coma, death, irritants to the eyes and mucous membrane, Gulf
war syndrome and plasticising effects (destroy plastics).

Strictly follow the product level instruction, avoid for pregnant women
and infants less than 6 months, can be used in children 2 to 12 years
of age at a concentration not more than 10% (Tavares et al., 2018).

The users should be careful about the claim duration of action by the
manufactures as some DEET formulations may require frequent
application every four hours for a complete protection (Edition, 2019).
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Duration of an
action

Efficacy and
Toxicity profile

Is it available in
SA?

Products
available on the
South  African
market

» |t should not be applied and leftover at the bed time because of the
fear of a serious skin reaction.

= Protect it from coming in to contact with plastic glasses or watch face.

In normal use 50% DEET was generally thought to act for 3 to 4 hours,
while using 100% DEET can extend the duration by one hour, that is 3 to
5 hours (Edition, 2019).

Some products were claimed to act between 8 to 12 hours.

Most effective of all available repellents, unfortunately it is also the most
toxic (Tavares et al., 2018).

Yes
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Figure 1.3: The three proposed mechanism of action of DEET action (Dennis

et al., 2019).

Where: (A) Feeding Inhibition (Ingestion); (B) Olfaction inhibition via acetyl

cholinesterase pathway; and (C) As contact inhibitor.
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1.5.1.2 Insect repellent 3535

In an effort to produce an insect repellent that would be less toxic than DEET and
comparable to both synthetic and natural repellents, over 30 years ago research led to
the discovery of insect repellent 3535 (IR3535) by the German Merck group company
(MERCK, 2019).1t was initially named as Merck in 1999 (Hanem Fathy Khater et al.,
2019).

IR3535 is a colourless, almost odourless, biodegradable compound (Figure 1.4F) that
is commercially marketed in various pharmaceutical formulations including sprays,
lotions aerosols and wipes, mainly at a concentration ranging from 7.5% to 19.5%
(Tavares et al., 2018; Nguyen et al., 2018). The chemical structure of IR3535 is based
on a natural substance called beta-alanine or chemically named, ethyl
butylacetylaminopropionate according to the International Nomenclature of Cosmetics
Ingredients (Tavares et al., 2018; Lo et al., 2018; MERCK, 2019). IR3535 has an
estimated duration of action of two to eight hours, because of its exceptional skin
tolerance and overall safety with a few repoted side effects including eye irritations,

damage to clothing and plastics (Tavares et al., 2018; lyigundogdu et al., 2019).
1.51.3 Picaridin

Picaridin (1-piperidinecarboxylic acid 2-(2-hydroxyethyl)-1-methylpropylester) is a
piperidine analog developed by Bayer Pharmaceutical company in the 1980s (Figure
1.4D) (Hanem Fathy Khater et al., 2019). Physically, it is a colourless and nearly
odorless liquid compound formulated commonly as a spray, lotion, cream, liquid, and
solutions (Patel et al., 2016; Hanem Fathy Khater et al., 2019). This insect repellent
was welcomed onto the market by the consumers because it does not feel greasy or
sticky on application (Nguyen et al., 2018); and importantly it is effective against all
three of the common mosquito vectors at a 20% concentration (Hanem Fathy Khater
et al., 2019; Nguyen et al., 2018).

The exact mode of action of this repellent is still not well understood, but it has been
postulated to act by providing a vapour barrier that prevents the insect from biting or
affecting the olfactory sensory neurons of the insects (Nguyen et al., 2018). When
deciding between DEET and picaridin as the repellent to use, most comparative
studies only showed a small difference between the two compounds (Goodyer and

Schofield, 2018). In comparison, other studies have shown superiority of picaridin over
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DEET when applied at same dosage (Goodyer and Schofield, 2018). Moreover, most
of the participants reported being more comfortable using picaridin rather than DEET
(Goodyer and Schofield, 2018; Nguyen et al., 2018).

1.51.4 Other less commonly used synthetic repellent

One of the less commonly used synthetic repellents, namely (N, N-diethyl-2-phenyl-
acetamide) (DEPA) (Figure 1.4E) that was developed around the same time with
DEET, was shown to have similar efficacy, but was initially not accepted. However, it
is now attracting the attention of researchers due to increasing concerns about the
environmental safety and emergence of resistance to many currently available
insecticide (Gupta, 2017; Balaji et al., 2017).

Another new and promising synthetic repellent in the field of entomology is ethyl
anthranilate (Figure 1.4H) (Islam et al., 2017a). Which was shown to be nontoxic and
presently is being considered as an effective and improved alternative to DEET (Islam
et al., 2017b). It was also recently reported that butyl anthranilate, has more repellent
activity than the ethyl anthranilate, and both can be an ecofriendly alternative to the

existing toxic repellents (Zhao et al., 2019).
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(F) IR3535 (G) PERMETHRIN (H) ETHYL ANTHRANILATE

Figure 1.4: Chemical structures of some commonly used chemical repellents
(Hanem Fathy Khater et al., 2019).

Where: (A) DEET: N,N-diethyl-3-methyl-toluamide; (B) DMP: Dimethyl phthalate;
(F) IR3535: Insect repellent 3535; (E) DEPA: (N, N-diethyl-2-phenyl-acetamide).
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1.5.2 Natural mosquito repellents (plants extracts and essential oils)

Nature remains an unlimited source of inspiration for healthcare therapeutic agents, as
well as for scientific and technological innovations (Khater, 2017; Hanem Fathy Khater
et al.,, 2019). An advancement in chemical science has led to the discovery and
formulations of many synthetic mosquito repellents (Mukherjee and Ghosh, 2020).
However, indiscriminate and continuous use of these synthetic products often results
in adverse effects in the patient, as well as some deleterious effects on the non-target
population. With the ultimate possibility of the development of resistance to these
inappropriately administered/used repellents (Kim et al., 2020). These problems have
pushed researchers to continue to search for simple, effective, eco-friendly, and
sustainable repellents to control the malaria vector (Mukherjee and Ghosh, 2020; Kim
et al., 2020).

To achieve this goal, researchers are currently exploring the possible use of natural
substances, ranging from the plant extracts (Pawar et al., 2019), plant essential oils
(Trongtokit, et al., 2005b); cow dung (Mukherjee and Ghosh, 2020), and also the
possible use of elephant dung as a mosquito repellent (Petchimuthu et al., 2019).
Historically, more than 60 plants belonging to 30 families have been used in Africa in
various forms to repel mosquitoes, these plants are commonly used as smoke by
burning the plant parts, by crushing then applied to the body or by hanging the plant
inside the room or house to repel the mosquitoes (Pavela and Benelli, 2016). To
highlight a few of the more commonly used natural mosquito repellent, including

citronella, catnip oil and eucalyptus are summarised below.
1.5.2.1 Citronella

The word citronella was derived from the French word “citronelle”, which denotes any
of the various plants whose herbs have a strong lemony smell (LEXICO, 2020). It was
first used in the early 19" century by a British botanist, mycologist and pharmacologist
called Samuel Frederick Gray (1766-1828) (FirstNature, 2011).

The citronella essential oils are extracted from the leaves and stems of different
species of lemon grass (Cymbopogon Species) (Cerceau et al., 2020). The commonly
available formulations of citronella-based mosquito repellents in the market include
spray, wrist bands, oil and lotion and are usually found at a concentration between 14
to 50% (Patel et al., 2016). The citronella-based mosquito repellents are generally safe
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to use, however because of its higher volatility the protection period is usually short,
and it required frequent application (Agrawal et al., 2017). The researchers are now
busy trying to develop a sustained released formulations of citronella oil-based
repellent to prolong protection time and reduce the frequency of applications (Agrawal
et al., 2017; Songkro et al., 2018; Bezerra et al., 2019).

1.5.2.2 Catnip oil

The catnip essential oil is extracted from the Nepeta cataria plant (Setzer, 2016). Apart
from it being a well-known cat stimulant, it has many other functions which include
amongst others, being an insect repellent, allelopathic, analgesic, anti-atherosclerotic,
antifungal, antiviral, and spasmolytic (Tisgratog et al., 2016; Reichert et al., 2019;
Baranauskiené et al., 2019). The main active ingredient of the catnip essential oil is
nepetalactone, which occurs in two diastereomeric isomers (Z-E nepetalactone and E-

Z nepetalactone) (Simon et al., 2019).

A 20% concentration of catnip essential oil has been shown to have a repellent activity
of 100% against An. stephensis (Amer and Mehlhorn, 2006). In addition, a dose
dependent efficacy against An. gambiae, at tested doses of 0.01mg, 0.1mg and 1mg
have a repellency of 17%, 97% and 100%, respectively (Birkett et al., 2011)

1.5.2.3 Oil of Eucalyptus

Eucalyptus is a short, woody plant seen mainly in tropical regions (Asadollahi et al.,
2019). It represents an important class of plant species as the essential oil has been
widely commercialised because of its therapeutic properties (Asadollahi et al., 2019;
Tian et al., 2020). The eucalyptus essential oil-based mosquito repellent is available in
various formulations which include lotion, solution, spray, oil, wrist band, patch, and
oil, where the topical application has been shown to provide better protection than the
wrist band and patch (Patel et al., 2016). The eucalyptus essential oil-based repellents
provide protection only for a short period of time and requires frequent application
which is troublesome to consumers (Webb and Hess, 2016). However, it was
discovered that the hydroxylated product of eucalyptus essential oil, namely, p-
methane-3,8-diol (PMD) provides longer protection for up to 5 hours (Webb and Hess,
2016; Nguyen et al., 2018).
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1.5.24 Other plants extract with insect repellent activities

There is an increasing demand for a safe, cost-effective, pleasant smelling, and eco-
friendly mosquito repellent by consumer (Asadollahi et al., 2019; Ma et al., 2019). This
could be provided by fully evaluating plant extracts and essential oils (Eden et al.,
2020). Some of these tested plants with repellents activities include amongst others:
olive oil (Olea europoe), frankincense (Boswellia spp), peppermint (cross breed of
Mentha spicata and Mentha aquatica), thyme (Thymus serpyllum), ylang ylang
(Cananda odorata), tergetes (Tergetes minuta), turmeric, java citronella (Cymbopogon
winterianus), orange oil (Asadollahi et al., 2019; Eden et al., 2020; Pavela et al., 2020).
The exact mode of action of the plant based essential oil is still under research,
however it has been proposed that, the essential oil interfered with the mosquito’s

olfactory receptors (Asadollahi et al., 2019).

1.6 Malaria Chemoprophylaxis

The control of mosquito vectors (Section 1.4) and avoiding mosquito bites to prevent
malaria infections (Section 1.5) are two of the main mechanisms of malaria
chemoprophylaxis (SADOH, 2018; WHO, 2019b). The widespread distribution of drug-
resistant malaria parasites, coupled with the side effects associated with some of the
antimalarial medications, necessitates the need for controlling mosquitoes. The use of
antimalarial prophylaxis and most importantly the use of non-drug measures are critical
to in the prevention of a malaria infection (SADOH, 2018). There are five key
components that make up a good and comprehensive malaria prevention strategy
acronym as “ABC of malaria prevention”. Where “A”. stand for awareness and
assessment of malaria risk, “B”: avoidance of mosquito bites, “C”: compliance with
chemoprophylaxis when indicated, “D”: early detection of malaria disease and “E”:
effective treatment (Van Zyl, 2016; SADOH, 2018).

Tourists should ensure they are well informed about the malaria status and
medications needed when travelling to a malaria endemic area and whether they
should travel there or not (Goodyer, 2019; RBM, 2019). Furthermore, it is also
important for healthcare professionals (HCPs) to be well informed on how to manage
high risk individuals, like immunocompromised people (HIV/AIDS, immunosupressed),

young children, the elderly, and pregnant women (SADOH, 2018).
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To prevent mosquito bites, personal protection with mosquito repellents is highly
recommended, especially with DEET containing products (Goodyer, 2019). Those that
cannot use DEET (Table 1.3), PMD or icaradin are good alternatives, however natural
repellents should be used with caution because of their low efficacy and unreliability in
avoiding mosquito bites (Goodyer, 2019). People should be aware about the feeding
behaviours of the Anopheles mosquito, which is from dusk to down, and people should
preferably wear long sleeves, trousers, socks and if possible, should sleep under a
LLINs (SADOH, 2018).

Chemoprophylaxis should be recommended only for those that needed them (FMOH,
2014). The decision to prescribe chemoprophylaxis is complex and mainly depend on
the area to be visited, the higher risk group individuals and whether the traveller is at
higher risk of being exposed to the mosquito bites and developing malaria (SADOH,
2018).

Currently in South Africa and Nigeria three medications are recommended for
chemoprophylaxis which include: doxycycline, atovaquone-proguanil and mefloquine
(CDC, 2021). Strict adherence with the dosing regimen is highly recommended for a
good protection (Table 1.4) (SADOH, 2018). Blind recommendations of the
chemoprophylaxis are highly discouraged because of the deleterious side effects of
these medications if prescribed inappropriately, as such the HCPs are advised to use
a guideline to make such a decision (SADOH, 2018).

Table 1.4: The recommended regimen for the approved malaria
chemoprophylaxis in South Africa (SADOH, 2018).

Mefloguine Start at least one week before entering a malaria area, take once
(Weekly) weekly while there and for four weeks after leaving the malaria area.
Doxycycline Start one day before entering a malaria area, take daily while there
(Daily) and for four weeks after leaving the malaria area.

Atovaquone- Start one to two days before entering malaria area, take daily while
proguanil (Daily) there and for seven days after leaving the area
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1.7 Diagnosis and Management of malaria infections

Prompt diagnosis and appropriate management of a malaria infection can save lives.
As such the guidelines from WHO and those prepared for South Africa are an essential
read for all HCPs, especially Medics, Nurses, and Pharmacists. Continuous education
and updates on the current and potential diagnostic methods (Section 1.6.1) and those
agents required to prevent and manage (Section 1.5 and 1.7) infected patients should
be well known to all HCPs. According to the South African Department of Health, a
positive laboratory test should be obtained before treatment is prescribed (van Zyl,
2016).

1.71 Malaria diagnosis

While reviewing the hope for a world-free malaria by the year 2030, WHO has
emphasized the importance of early and accurate diagnosis of malaria as a main
strategy for malaria management and surveillance (WHO, 2015a). The goal of a
malaria-free world is in-line with one of the global sustainable development goals
(SDGs) designed to address morbidity and mortality of several pathologies. Within
SDGs 3, it is aimed to “Ensure Healthy Lives and Promote Well-being for all and all
ages” and thereby do what is necessary to eradicate malaria globally by the year 2030
(SDGs, 2017; Onile-ere et al., 2016).

As such WHO recommends prompt testing of all malaria suspected cases by using
either a rapid diagnostic test (RDT) or microscopy (WHO, 2018b). It is recommended
that patients exhibiting malaria symptoms, preferentially start treatment following a
positive diagnostic result to exclude possible misdiagnosis through history and clinical
examination of a patients and due to the non-specific presentations of the disease
(SADOH, 2019b). However in the event of the unavailability of a RDT diagnostic kit or
equipment required for microscopy, the HCPs should use their clinical judgement, by
considering the severity of the patients’ clinical conditions and possible history of an

exposure to the malaria parasite (SADOH, 2019).
1.7.1.1.1 Clinical diagnosis

Clinical diagnosis is referred to as presumptive diagnosis and is considered the most
rapid and cheapest way to diagnose malaria in remote areas in Sub-Saharan Africa,
where laboratory support is not always available (Onile-ere et al., 2016). However, this
method is not always accurate, as it is based on the combinations of the patients’
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symptoms and signs related to malaria; which are not always specific to malaria as
they are associated with many other human diseases (Mfuh et al., 2019; Wilson, 2013;
Wogu and Nduka, 2018). Nevertheless, it is the most useful diagnostic method
recommended in under 5-year-old children, as in this age group, malaria can easily
progress to a severe form and potentially be fatal if treatment is delayed. WHO does
however recommend that the use of clinical diagnosis coupled with RDTs should be
used in all cases before the commencement of an antimalarial therapy (WHO, 2016;
Onile-ere et al., 2016). It is essential all precautions are taken, and guidelines are
followed to prevent the development and spread of resistance to available antimalarial
medications (WHO, 2018b; Moyeh et al., 2019).

1.71.1.2 Microscopic methods

Microscopic examinations of a thick and thin blood films stained with either Giemsa,
Field’s or Wright’s stains using Romanowsky staining techniques, has been described
as the gold standard method in diagnosing malaria (Mbakilwa et al., 2012). The
combination of a well-prepared blood smear, a well-trained laboratory personnel,
coupled with a good microscope is essential to establish the presence or absence of
the malaria parasite and the species involved (Tangpukdee et al., 2009). In addition,
the microscopic examination of a thin blood smear can also help in quantifying the level

of parasitaemia (Amir et al., 2018; Tangpukdee et al., 2009).

Furthermore, apart from the conventional light microscope, the era of technology has
enabled the inventions of more developed and sophisticated methods to detect the
presence of a low level parasitaemia and prevent false-positive results. These include
the quantitative buffy coat method (QBC) (Vaisakhi et al., 2017; Chigurupati and
Srinivas, 2016) and Partec malaria RDTs which are very sensitive and require less
training to be used (Birhanie, 2016).

In addition, there are advantages of using an automated microscope that uses artificial
intelligence to detect malaria on a slide, thereby excluding the problem of untrained
personnel and eliminating any potential subjective analysis influenced by the level of
parasitaemia and equipment quality (Torres et al., 2018a; Jan et al., 2018; Amir et al.,
2018); This method maybe costly to setup, but is cost effective, widely used and

cheaper than the molecular techniques (Amir et al., 2018).
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1.7.1.1.3 Rapid diagnostic tests

Fingerprick RDTs are now seen as a complement to the gold standard traditional
malaria diagnosis by microscopy (Amir et al., 2018). The various RDT products work
via the same principle except for the variations in targets and formats, with some able
to detect one species (P. falciparum or P. vivax) or multiple species (P. falciparum, P.
vivax, P. malariae and P. ovale). Malaria RDTs detect specific malaria-antigens
released into the blood of infected individuals by binding them to dye-labelled
antibodies to produce a visible band on the nitrocellulose strip (WHO, 2018a). The
three targeted malaria parasites antigens that are used in RDT include: histidine-rich
protein two (HRP2) which is specific for detection of Plasmodium falciparum (Murray
et al., 2008). Plasmodium lactate dehydrogenase and aldolase these two antigens are
used to detect all the human malaria causing parasites species, hence also called pan-
Plasmodium antigens (Murray et al., 2008; Willie et al., 2018).

The recent development in malaria rapid diagnosis is the ultra-RDT, which has an
improved sensitivity and can detect an infection at parasites load ten times lower the
conventional RDT (Das et al., 2017). In addition, it can also detect an infection 1.5 days

earlier than the conventional RDT (Mwesigwa et al., 2019).
1.71.1.4 Molecular diagnostic methods

Molecular diagnostic technologies such as polymerase chain reaction (PCR) are
becoming the new gold standard method in malaria diagnosis (Amir et al., 2018). It is
more sensitive than microscopy and RDT with real-time quantitative PCR (qRT-PCR)
able to detect a low % parasitaemia in the blood sample and allows for the identification
of the parasite species present in the clinical sample (Haanshuus et al., 2019; Mfuh et
al., 2019; Ngasala et al., 2019; Tambo et al., 2018). Results obtained from the PCR
are not subjective which also make it superior to the conventional microscopy (Amir et
al., 2018). However, the drawback of PCR is that it is expensive, required laboratory
cleanliness and cumbersome, which makes it difficult to be used in a remote area (Amir
et al.,, 2018).

Other molecular technologies include: quantitative nucleic acid sequence-based
amplification (QT-NASBA) that allows for the detection of gametocytes at parasites
densities significantly below the threshold of conventional light microscope (Pett et al.,
2016). In addition, loop mediated isothermal amplification (LAMP) is highly sensitive

22



technique that does not require much training to be operated (Charpentier et al., 2019;
Kudyba et al., 2019), with gqRT-PCR and immunofluorescence assays both highly

efficient methods for gametocyte detection (Gruenberg et al., 2019).
1.71.1.5 Non-invasive methods

Non-invasive diagnostic tools are an exciting and innovative advance in diagnosing
malaria (Berna et al., 2015). Several studies have been undertaken to investigate the
potential of using volatile organic biomarkers released from pathogen-infected patients
in the diagnosis of malaria (Chai and Chua, 2021). .Emami et al. (2017) found that
mosquitoes are attracted more to malaria-infected patients due to the release of a
parasite-derived isoprenoid called (E)-4-hydroxy-3-methyl-but-2-enyl pyrophosphate
(HMBPP); where the latter was found to indirectly increase the production of carbon
dioxide, several monoterpenes, and aldehydes from human red blood cells. In contrast,
Berna et al. (2015) reported on the release of carbon dioxide, isoprene, acetone,
benzene, cyclohexanone, and 4 thioethers (allyl methyl sulfide, 1-methylthio-propane,
(Z2)-1-methylthio-1-propene, and (E)-1-methylthio-1-propene) in the breath of malaria-
infected patients. Based on this observation, Berna et al. (2015) investigated a
promising simple, non-invasive tool to detect thioether in the breath of suspected
malaria-infected patients’, that was not associated with any other human disease.
Berna et al. (2015) found a direct correlation between specific malaria-associated

volatiles, such as thioether and the parasitaemia of the blood.

Based on the differential odour of uninfected and infected patients, the extremely
sensitive olfactory system of dogs has used to detect malaria-emitted volatile
compounds from foot odour of children infected with malaria (Guest et al. 2019;
Kasstan et al., 2019). The use of bio-detection dogs for medical diagnosis purposes
as an alternative to molecular tools has been proven to be feasible as a mobile

diagnostic approach for detecting individuals with asymptomatic malaria.

Furthermore, various samples such as urine and ethanol-preserved faeces have been
used to detect the Plasmodium parasites (Oyibo et al., 2017; Al-Shehri et al., 2019). A
urine malaria test is another non-invasive technology that has been found to detect the
Plasmodium falciparum specific histidine-rich protein-2 (HR-2); where the latter is a
poly-histidine protein or fragments found in the urine of a febrile patients (Oyibo et al.,
2017). The field trial conducted by Oyibo et al. (2017) to evaluate the efficacy of the

urine malaria test showed that it is highly promising, with a sensitivity and specificity
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comparable to that of microscopy and RDT. Whilst in a schistosomiasis-malaria co-
surveillance study, Al-Shehri et al. (2019) reported that using ethanol-preserved faeces
sampling with rtPCR analysis provided a satisfactory diagnostic performance in
estimating the mean prevalence upon direct comparison with field-based point-of-care-
RDTs. Although analysis of ethanol-preserved faeces was judged inferior to that of

dried blood spots.

When fully evaluated and validated, the non-invasive malaria diagnostic methods will
serve as an alternative in a situation in which the blood sample are difficult to obtain,

as often encountered by the HCPs in paediatric patients (Amir et al., 2018).

1.7.2 Treatment of malaria

When dealing with a confirmed positive malaria case, it is always of critical importance
to firstly differentiate if the index case is uncomplicated or severe malaria (FMOH,
2005), as this will establish the severity of the illness to guide the overall management
plan (SADOH, 2018). Infections with Plasmodium parasites result in many effects
ranging from asymptomatic parasitaemia, uncomplicated malaria, severe malaria to
death (Plewes et al., 2019). The ultimate goals for the management of malaria are
mainly to reduce morbidity and mortality, to prevent disease progression into severe
malaria, to eliminate subclinical cases as such prevent further transmission (SADOH,
2018). Also, part of the goal of malaria treatment is to prevent or limit the development
and spreads of resistance to antimalarial medications (SADOH, 2018; WHO, 2018c).

In management of malaria, a higher index of suspicion is required, as a key driver to
the early diagnosis (SADOH, 2019). In a classical case, malaria commonly presents
with fever, body pains, rigors, and headache, however these symptoms are non-
specific and not limited to malaria only. As such malaria may be confused with other
diseases, more especially viral infections such as influenza and Covid-19 (SADOH,
2018; Gulen and Satar, 2020). Nevertheless, malaria should be suspected in any
patients presenting to the health facilities with a history of a recent visit to malaria
transmission areas or a residence of that area and having some of the following
symptoms (Table 1.5) (WHO, 2015b; SADOH, 2018, 2019).

1.7.21 Treatment of an uncomplicated malaria
A patient can be considered to have uncomplicated malaria with a microscopic

parasitaemia count of less than 4% or <3+, along with no evidence of organ dysfunction
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detected through clinical examination or laboratory test (SADOH, 2018; 2019). The
main purpose of treatment is to ensure rapid clearance of parasitaemia and to prevent
progression of an uncomplicated cases into severe form of malaria or death (WHO,
2019d). According to both WHO (2019d), SADOH (2019b) and FMOH (2005), all
patients diagnosed with uncomplicated malaria whether a child or an adult should be
commenced immediately on ACT except for a pregnant woman in their first trimesters

of pregnancy.

Table 1.5: Common symptoms and signs of malaria; source: South African
National Guidelines for the Treatment of Malaria (SADOH, 2019b).

<+ Fever

% Chills

« Rigors

« Joint pain

s Lethargy

% Loss appetite in older children and adults
% Poor feeding in young children

% Abdominal discomfort

% Diarrhoea

% Nausea and vomiting

% Cough in young children

% Splenomegaly for patients in areas with higher intensity of malaria transmission

In South Africa and Nigeria, artemether-lumefantrine (Coartem™) is recommended for
all cases of uncomplicated malaria for a period of three days (Table 1.6). Current
evidence shows that it can also be used in the first trimester of pregnancy if the main
regimen consisting of clindamycin plus quinine is unavailable (FMOH, 2005; CDC,
2018; SADOH, 2019b). Vomiting is considered to be one of the leading causes of
treatment failure in uncomplicated malaria, as such for all patients with an
uncomplicated malaria the first dose of the prescribed ACT should be taking in the

hospital and observed for possible vomiting over a period of at least one hour (SADOH,
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2019). Patient should be also advised to return to the hospital as soon as their condition
does not improve (SADOH, 2019b).

Table 1.6: Dosage of artemether + lumefantrine recommended according to the
patient weight in kilogram (SADOH, 2019b; FMOH, 2005).

Total number

Weight Dosage of tablets

1 tablet start, followed by 1 tablet after one hour,

5- <15kg _ 6
then 1 tablet b.d for the following 2 days
2 tablets start, followed by 2 tablets after one hour,

15- <25kg 12
then 2 tablets b.d for the following 2 days
3 tablets start, followed by 3 tablets after one hour,

25- <35kg 18
then 3 tablets b.d for the following 2 days
4 tablets start, followed by 4 tablets after one hour,

35-<65kg 24

then 4 tablets b.d for the following 4 days

65k Same with those above 35kg, though inadequate experience 24
>
J with this age group, indicate the need for a close monitoring.

Patients whose laboratory results show an infection with either P. vivax, P. ovalae or a
mixed infection of any of these species with P. falciparum should be treated with
primaquine for fourteen days to prevent relapse due to the hepatic stages of the
parasite (SADOH, 2019b). However, primaquine should not be given to those with
glucose-6-phosphate dehydrogenase deficiency, pregnant women, infants less than
six months, and mothers breast feeding an infant less than six months of age (SADOH,
2018; WHO, 2019d).

1.7.2.1 Treatment of severe malaria

Severe malaria is a complicated form of malaria mainly associated with P. falciparum
and is a medical emergency associated with a 10-40% mortality rate (Jauréguiberry,
2019).

However, with a prompt and effective treatment, especially when done at the highest
level of care available, death can be averted (Jauréguiberry, 2019; SADOH, 2019b).
WHO has developed a wide range of both clinical and laboratory features associated
with severe malaria, where severe P. falciparum is defined as any patient with one or

more of the severe features of malaria obtained from the history and clinical
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examination or from laboratory tests (Table 1.7) (SADOH, 2019b). This is coupled with
the presence of an asexual form of Plasmodium parasites in the blood and absence of
any other identifiable alternative explanations of the patients’ clinical condition (WHO,
2015b; SADOH, 2019Db).

Table 1.7: Criteria for diagnosis of severe P. falciparum malaria (SADOH, 2019b).

Clinical Laboratory

Impaired consciousness Hypoglycaemia <2.2mg/dl or <40mg/dI

Multiple convulsion: > 2 episodes in 24 hours Hyper parasitaemia

Jaundice Haemoglobinuria

Prostration Severe normocytic anaemia (Hb <7g/dI
Acute pulmonary oedema or haematocrit <20%)

Acidotic breath or respiratory distress Pulmonary oedema (Radiological)
Shock Metabolic acidosis

Anuria Hyperlactataemia

Abnormal bleeding Serum creatinine >265mmol/I

All patients with severe malaria should be treated with parenteral artesunate
(intravenous or intramuscular) for at least 24 hours given at 0, 12 and 24 hours, the
treatment can be extended as a daily dose, until the patients can tolerate oral
medications, then switch to ACT for a complete three-day course (WHO, 2015b). When
artesunate is not available, artemether or quinine can be used, but artemether is
prepared to quinine (WHO, 2015b; Esu et al., 2019; Mathiba et al., 2019). Children
weighing less than 20kg should receive 3mg/kg body weight of artesunate, while those
greater than 20kg should be given 2.4mg/kg body weight (WHO, 2015b; SADOH,
2019b).

1.8 Pharmacology of the common antimalarial chemotherapeutic agents

The antimalarial medications that are currently used for the treatment or prevention of
malaria, belong to the four classes of antimalarial drugs viz: artemisinin derivatives,
quinoline related compounds, antifolates and antimicrobials (Herchline and Simon,
2019; SADOH, 2018; 2019). It is pertinent to note that to date no single antimalarial

compound has been discovered, that can eradicate all stages of the Plasmodium
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parasite (Herchline and Simon, 2019). Many of the antimalarial chemotherapeutics
agents used to prevent or treat a malaria infection act mainly at the erythrocytic phase
of the malaria parasites lifecycle; however, a few agents act on the hepatic (pre-
erythrocytic) phase (Rosenthal et al., 2021). The pharmacology of these commonly

used classes of antimalarial drugs are discussed below.

1.8.1 Quinoline-related compounds

Historically the first antimalarial agent was reported in 17" century, which was
extracted from the bark powder of the Cinchona tree found in South America (Martinez
et al., 2018). Two centuries later, the quinine alkaloid was isolated and identified as
the therapeutically active ingredient in the crude tree bark (Martinez et al., 2018).
Around 1940’s the first quinoline derivative was synthesised named plasmoquine, but
because of its toxicity this drug was immediately replaced by primaquine (Figure 1.5)
(Martinez et al., 2018). The chloroquine was then developed within the same decade
with primaquine, and it becomes widely used, however the report of resistance to
chloroquine during the Vietnam war led to the discovery of mefloquine (Martinez et al.,
2018). Still the report of toxicity and resistance narrowed the used of mefloquine, as of
today the most recently approved quinoline drug for the treatment of malaria is
amodiaquine, while another drug named ferroquine is currently under Phase lIb clinical
trial (Martinez et al., 2018; Stringer et al., 2019).

~__NEt3

MeO" S, A

quinine (1) R = Et, plasmoquine (2) chloroguine (4)
R = H, primaguing (3)

HO

Iz

S
=
|

CFxy

amodiaquine (T)

CFy

mefloquine (3)

Figure 1.5: Quinoline derivatives with antimalarial activities (Martinez et al.,
2018).
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Some of the pharmacological activities of the quinoline derivatives include amongst
others (Chu et al., 2019); antimalarial, anticancer (Li et al., 2019), antibacterial (Fu et
al., 2019), antileishmanial and antitrypanosomal agents (Chanquia et al., 2019), and

anti-inflammatory activities (Tseng et al., 2018).

In the field of malaria, the most used quinoline derivatives antimalarial drugs are
chloroquine, quinine and mefloquine (Balamurugesan et al., 2019). The mode of action
of quinoline antimalarials has been proposed to be the interference of haemoglobin
digestion through inhibition of the crystallisation of haem to haemozoin. This process
is critical for the survival of the malaria parasite, but the formation of the toxic haem-
quinoline complex results in parasite death through oxidative damage and the
formation of free radical that lyse the parasitic and red blood cell membranes

(Balamurugesan et al., 2019).

Below is a brief pharmacology on the two commonly used and prototype drugs in the
quinoline class of antimalarial drugs viz: Chloroquine and Quinine (cinchona alkaloid).

1.8.1.1 Chloroquine

Chloroquine, a 4-aminoquinoline is a very effective antimalarial drug that has been
used for both the chemoprophylaxis and treatment of malaria (Goel and Gerriets,
2019). However, the report of a widespread Plasmodium parasite resistance has
compromised it use in malaria treatment and prophylaxis (SADOH, 2019b). In South
Africa, it is only used in the management of an infection of P. vivax, P.ovale, and P.
malariae (SADOH, 2019); but it is still approved as the drug of choice in countries with
chloroquine-sensitive malaria parasites (Rosenthal, 2021).

The oral formulation of chloroquine is almost completely and rapidly absorbed from the
gastrointestinal tract and reaches it maximum plasma concentration within 3 hours
before being renally excreted with an initial half-life of 3-5 days, and a terminal half-life
of 1-2 months (Rosenthal, 2021). The most commonly reported side effects associated
with chloroquine affect the gastrointestinal-, central nervous-, cardiovascular-systems
and blood related side effects; where prolong used of chloroquine can lead to
peripheral neuropathy, ototoxicity, retinopathy, and myopathy (Balamurugesan et al.,
2019; Rosenthal, 2021).
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Although chloroquine is safe even during pregnancy, still it is recommended for a safety
precaution not be administered in a rapid large parenteral dose, because it may lead
to cardiac or respiratory arrest (Balamurugesan et al., 2019). It is contra-indicated in
patients with porphyria and psoriasis and should preferably not be used in those with
retinal myopathy, visual field abnormalities and in a patient with renal and liver disease

(Balamurugesan et al., 2019; Rosenthal, 2021).
1.8.1.2 Quinine

Quinine is a rapidly acting and highly effective blood schizonticides against the human
malaria parasites and gametocidal against P. vivax and Plasmodium ovale, but not
against P. falciparum (Rosenthal, 2021). Orally administered quinine is rapidly
absorbed, reaching its peak plasma concentration within 1-3 hours (Rosenthal, 2021).
A loading dose of 20mg/kg is often administered to patients with severe malaria to
achieve a peak plasma concentration within a few hours, and then has a half-life of 18
and 11hours in malaria infected and healthy patients, respectively. Before being

metabolised in the liver and excreted in the urine (Rosenthal, 2021).

The quinine and its dextrorotatory stereoisomer (quinidine) are usually associated with
an adverse effect termed cinchonism, which is a constellation of symptoms that
include: tinnitus, headache, dizziness, visual disturbances, nausea, and flushing
(Pagar and Khandbahale, 2020; Rosenthal, 2021). These symptoms are usually mild
and may not require drug discontinuation but can cause deafness and blindness if the
plasma concentration exceeded therapeutic ranges (Pagar and Khandbahale, 2020).

Even though there is resistance to quinine with a report of decreased quinine
effectiveness, especially in Southeast Asia and South America, intravenous quinine is
still considered an effective alternative therapy in management of severe malaria when

artesunate is not available in South Africa (Conrad and Rosenthal, 2019).

1.8.2 Antifolates antimalarial drugs

The antifolate antimalarial drugs inhibit the Plasmodium dihydrofolate reductase
(DHFR) enzyme that is essential in the synthesis of purines and pyrimidine synthesis
for parasite proliferation (Nattee et al., 2017). The DHFR enzyme inhibitors that are
commonly used against malaria include pyrimethamine, trimethoprim and cycloguanil

(the triazine active prodrug of proguanil) (Nattee et al., 2017).
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These drugs are often used in combination with other drugs in the prophylactic
treatment of malaria, such as proguanil with atovaquone (Nattee et al., 2017; SADOH,
2018; Rosenthal, 2021). The oral antifolate inhibitors are well, but slowly absorbed
when administered orally, with the proguanil reaching a peak plasma concentration in
5 hours, with an elimination half-life of 16 hours which accounts for the daily dose
regimen (Rosenthal, 2021).

1.8.3 Antimicrobials used in malaria management

Employing therapeutically available antimicrobial agents that have proven to be active
against Plasmodium parasites act in an entirely different mechanism of action from that
of the standard antimalarials and in doing so, alleviate the fear of cross resistance
(Gaillard et al., 2016). The commonly used and approved antimicrobial agents in the
field of malaria therapy in South Africa and Nigeria are doxycycline and clindamycin
(SADOH, 2018; 2019; FMOH, 2014).

1.8.4 Artemisinin and artemisinin derivatives

Artemisinin are sesquiterpene lactones endoperoxide compounds isolated from
Artemisia annua (Heller and Roepe, 2019). Artemisinin and analogues contain an
endoperoxide bridge, which provides a very effective, rapidly parasiticidal activity with
limited cross resistance with other antimalarial medications (Haldar et al., 2018). The
mechanism of action of all artemisinin derivatives is linked to the endoperoxide bridge
and is thought to act by releasing free radicals resulting in oxidative stress in the
parasite following the cleavage of the endoperoxide bridge, and through interaction
with the haem present in the parasite (Katzung, 2004; Rosenthal, 2021.). The
artemisinin derivatives may also inhibit parasite growth by inhibiting glutathione S-
transferase, an enzyme involved in the breakdown of cytotoxic haematin in the parasite
(DrugBank, 2021b; O’Neill et al., 2010). The derivatives kill all forms of parasites in an
erythrocytic stage of Plasmodium parasites, but it is active against the liver forms of

the parasite development and gametocytes (Wilson et al., 2013).

Artemisinin derivatives are currently the most potent and widely used antimalarial
chemotherapeutic agents (Heller and Roepe, 2019). The main artemisinin derivatives
include: dihydroartemisinin, artesunate, arteether, artemether and artemoil (Figure
1.6), and are used either as monotherapy or as artemisinin-based-combination therapy
(ACT) in the treatment of a multidrug-resistant P. falciparum malaria (Heller and
Roepe, 2019).
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Figure 1.6: Structure of artemisinin and derivatives (Zhang et al., 2018).

1.8.4.1 Pharmacology of artesunate

Artesunate is the hemi-succinate ester of dihydroartemisin (Figure 1.5) and the most
potent of all currently known artemisinin derivatives (Kouakou et al., 2019). Artesunate
is used either as monotherapy for the treatment of severe malaria or in ACT with a
partner drug for the treatment of an uncomplicated malaria, such as artemether-

lumefantrine (Kouakou et al., 2019).

Artesunate has a very short elimination half- life, it is estimated to be eliminated in less
than five minutes following the intravenous administration (DrugBank, 2021b). Its
active metabolite dihydroartemisinin is eliminated within an approximate period of 1 to
2hours (Talman et al., 2019). Artesunate is a well-tolerated drug with commonly
encountered side effects including anorexia, nausea, vomiting, and dizziness.
However, some serious side effects such as, reduced reticulocytes count, anaemia,
eosinophilia, elevated AST, neutropenia, and transient ECG abnormalities have been
rarely reported (SADOH, 2019b).

1.8.4.2 Pharmacology of artemether - lumefantrine

Artemether-lumefantrine is a fixed dose ACT combination that is effectively used in
South Africa for the treatment of uncomplicated malaria (SADOH, 2019). Artemether,
the methyl ether derivative of dihydroartemisinin, is rapidly metabolized into its active
metabolite alpha-dihydroartemisinin (DrugBank, 2021a). Artemether has a rapid onset

of action which result in a rapid clinical improvement of the patient condition, by
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reducing the number of erythrocytic malaria parasites in the blood (Rosenthal, 2021).
However, due to its rapid eliminated from the body, it is co-administered with the longer
acting lumefantrine to clear residual parasites and delaying the onset of resistance
(SADOH, 2019; Rosenthal, 2021).

Lumefantrine is a highly lipophilic with an octanol: water petition co-efficient (log P) of
8.34 that delays its absorption with a lag time of 2 hours and 18 hours for a complete
absorption (Huang et al., 2012). The lumefantrine was found to be highly lipophilc in a
research that investigated the physiochemical properties of lumefantrine (Babalola,
2013). However, its absorption is improved when taken with fatty foods, and has a
99.7% plasma protein binding capacity in the human blood with an elimination half-life
of 3-6 days (Huang et al., 2012, 2018; Rosenthal, 2021).

Both artemether and lumefantrine are metabolized by cytochromes P450 (CYPs)
enzymes, viz: CYP2B6 and CYP3A4 for artemether, and CYP3A4 for lumefantrine
(Navaratnam et al., 2000). Hence, the pharmacologic properties of these drugs can be
altered by CYP enzymes inhibitors or inducers (Navaratnam et al., 2000; Huang et al.,
2012). Artemether-lumefantrine (Coartem™) is well tolerated with commonly reported
side effect including headache, dizziness, abdominal pain, cough, myalgia, palpitation,
fatigue, sleep disturbances and asthma (Ntamba et al., 2019; SADOH, 2019).

1.8.4.3 Artemisinin resistance: delaying a malaria-free world

Artemisinin resistance is defined as “delayed parasites clearance from the blood
stream of a malaria infected patient treated with an ACT” (WHO, 2019c). However, this
delayed clearance is known to affect only the ring stage of the Plasmodium parasites,
as such it is more accurately defined delayed clearance as “partial resistance” (WHO,
2019c); with resistance to the partner drug characterised by a late clinical or a late

parasitological failure (Slater et al., 2016).

Antimalarial drug resistance can seriously weaken the effectiveness of chemotherapy,
cause malaria resurgence, and derail or reverse any malaria elimination campaign with
the goal of having a malaria-free world (WHO, 2019; Siddiqui et al., 2021). A malaria-
free world is one of the important visions of the global technical strategy for malaria
elimination 2016-2030, which includes the aim to have at least ten countries free of
malaria by the year 2020 (Yeung, 2018; WHO, 2019a).
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The malaria parasite is resistant to all the currently used antimalarial agents with
resistance developing to artemisinin over the past decade (Rosenthal, 2021). The
artemisinin resistance was initially reported in the western Cambodian border, with six
countries of Greater Mekong Sub-region (namely, Cambodia, Thailand, Loa PDR,
Myanmar, China, and Vietnam) reporting confirmed artemisinin resistance mutations
(WHO, 2018a), but is now spreading to other countries (Noedl et al., 2008; Siddiqui et
al., 2021). The report of an emerging artemisinin resistance in WHO African sub-region
is alarming, because it could lead to a devastating impact on the malaria morbidity and
mortality (WHO, 2021). An estimated additional 78 million cases of malaria, that is 7%
increase in a situation without any resistance were expected, if artemisinin and partner
drug resistance spread in Africa, at a level like what is currently seen in Cambodia
(Slater et al., 2016).

1.9 Knowledge, Attitude and Practise in the Management of Malaria

Understanding of the community knowledge, attitudes and practices is essential to
reduce the burden of malaria (Kinung'hi et al., 2010; Uma et al., 2016). It is generally
well known that reducing the number of mosquito breeding sites, which is
accomplished through environmental management and control, stands as the ideal
method for control of mosquito borne diseases (Mehta et al., 2015). Attaining good
environmental control requires community motivation which can be achieved through
health education ((Mehta et al., 2015). In addition to the environmental control, the use
of LLINS and mosquito repellent are known to protect an individual from mosquito bites
(Pell et al., 2019). Community participation is essential for the development of a
suitable, sustainable, and effective malaria control program (Pell et al., 2019). To
achieve this, it is important to assess and understand the level of education of the
target population, their attitude and practices towards malaria (Mehta et al., 2015).
Furthermore, malaria-related knowledge, attitude and preventive practices has been
reported to varies between the individuals living in malaria non-endemic and those
living in malaria endemic areas (van Benthem et al., 2006). Hence, with this in mind it
was decided to conduct a comparative study on malaria-related knowledge between

South Africa and Nigeria.
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1.10 Aims and Objectives of the Study

1.10.1 Aims

The aims of this study were to assess and compare the malaria-related knowledge and
preventive measures in South Africa and Nigeria and to assess the in vitro efficacy of
some of the mosquito’ repellents being used by the public in Johannesburg, South

Africa.

1.10.2 Objectives
The objectives of this study were:

1. To assess and compare malaria-related knowledge, attitudes, and preventative
practises of the participants in Johannesburg (South Africa) and Birnin Kebbi

Metropolis (Nigeria).

2. To assess and compare the knowledge of HCPs in South Africa and Nigeria on

the management of malaria.

3. To determine if clinical experience influences the choice of medications for the
management of malaria by the HCPs and if the current South African and Nigerian

malaria treatment and prevention guidelines are adhered to.

4. To determine and compare the most common side effects associated with the use

of antimalarial medications and mosquito repellents in South Africa and Nigeria.

5. To collate a list of the more commonly used spatial mosquito repellents used by

the public, students, and HCPs in Johannesburg.

6. To evaluate the in vitro efficacy of fifteen most used mosquito repellents reported

by the respondents in Johannesburg.
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CHAPTER TWO:
RESEARCH METHODOLOGY

This study was divided in to two parts. Part one is a descriptive cross-sectional study
which was carried out at three public hospitals in Johannesburg, South Africa and two
public hospitals in Birnin Kebbi Metropolis, Nigeria. This study was also carried out at
the faculty of health sciences of the University of the Witwatersrand, South Africa, and
College of Health Sciences, Federal university Birnin Kebbi, Nigeria. The second part
of this study was laboratory based and involved the evaluation of the efficacy of fifteen
commercially available mosquito repellents in Johannesburg South Africa.

2.2 Study Sites and Population Cohort

Part one of this study was carried out in five hospitals. Three were in South Africa
located in Johannesburg, South Africa, while two were in Nigeria, located in Birnin

Kebbi Metropolis, Kebbi State, North-western area of Nigeria.

2.2.1 Johannesburg city in South Africa.
Johannesburg is the largest city in South Africa, and it is among the 50 biggest cities
in the world with a total population of 5,782,747, and an estimated annual growth rate

of 3.01%. Most of its population can read and write with a literacy level of 98.7%.

Johannesburg has a total surface area of 334,81 square kilometres located within the
Gauteng province (Makhubu, 2016; WorldPopulationReview, 2020). It is malaria-free
and located within the Gauteng province. However, malaria cases are often reported
in Johannesburg or Pretoria and are mainly classified as imported cases (SADOH,
2019b). In addition to this, some malaria cases cannot be associated with a travel
history, and these will then be classified as a “local case”. Case investigations generally
identify these cases as “odyssean” malaria (SADOH, 2019b). For example, in mid-
February 2017 there was a report of possible odyssean transmission of malaria within
the province, when two confirmed cases were reported at Doornpoort, Pretoria,
Gauteng. The patients did not have any history of travel to the endemic areas (CDC,
2017).

Data collection for the first part of this study (comparative study) was obtained from
three public hospitals and the University of the Witwatersrand campus (Faculty of
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Health Sciences, FHS) in Johannesburg. The selection of the hospital study sites was
based on the multistage sampling methods, firstly the number of all the health facilities
in the city of Johannesburg was obtained from the census 2004. Eight public and 2
specialist hospitals were listed in the city of Johannesburg (Census, 2004). Three
public hospitals, namely the Charlotte Maxeke, Chris Hani Baragwanath and Helen
Joseph Hospitals, were selected according to the bed capacities. The study
participants were selected from these hospitals by using convenient sampling method.
These three hospitals provide training for students registered at the Faculty of Health
Sciences, University of the Witwatersrand, and are located within the city of

Johannesburg.

The FHS at the University of the Witwatersrand teaches both undergraduate and
postgraduate students, and in 2019 there was a total number of registered
undergraduate and postgraduate students of 3,381 and 2,539, respectively. Below is

a short description of the hospitals included in the study:

2.2.1.1 Charlotte Maxeke Johannesburg Academic Hospital

The first teaching hospital, namely the Charlotte Maxeke Johannesburg Academic
Hospital (CMJAH) is located at 17 Jubilee Road, Parktown, Johannesburg. The
hospital has a bed capacity of 1,088 beds with more than 4,000 support and
professional staff members (TIPS, 2002a) (Figure 2.1 A).

2.2.1.2 Chris Hani Baragwanath Academic Hospital

The Chris Hani Baragwanath Academic Hospital (CHBAH) is the world’s third largest
hospital and located in Soweto, at 26 Chris Hani Road, Johannesburg, South Africa. It
has a bed capacity of approximately 3,200, with about 6,760 staff members (Hospital,
2010) (Figure 2.1 B).

2.2.1.3 Helen Joseph Hospital

The Helen Joseph Hospital is in Auckland Park, Johannesburg, South Africa; prior to
1997 it was called J.G Strijdom Hospital named after the 5" prime minister of South
Africa, Johannes Gerhardus Strijdom (Hospital, 2021). The hospital has a total of 1,886
staff, which including 878 nurses, 220 doctors and 788 support staff, with a bed
capacity of 512 (TIPS, 2002b; Census, 2004) (Figure 2.1 C).
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Figure 2.1: Locations of the three study hospitals in South Africa.

Where A: Charlotte Maxeke Johannesburg Academic Hospital (GOOGLEMAP,
2022a, B: Chris-Hani Hospital (GOOGLEMAP, 2022b) and C: Helen Joseph
Hospital (GOOGLEMAP, 2022d).

2.2.2 Birnin Kebbi Metropolis in Nigeria

The geographical location of Nigeria makes its climate suitable for malaria
transmission in all the six geopolitical zones of the country. The climate is tropical with
a dry season occurring between October to March, while the wet season occurs
between April to September, such that the temperature oscillates between 25 to 45°C
(FMOH, 2013).

Birnin Kebbi is a city located in the Northwest geopolitical zone of Nigeria with a
population of 125,000 people and is the capital of Kebbi State. It is one of the 36 states
in the country. and is located at the coordinates of latitudes 12.466078 and a longitude
of 4.199524. The people of Birnin Kebbi are mainly Muslims with farming stand as their
main business, with an annual rainfall of 787.53 + 24.03mm (Ismail and Oke, 2012).
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2.2.2.1 Federal Medical Centre

The Federal Medical Centre (FMC), Birnin Kebbi (BK) is the biggest hospital in Kebbi
State and is located along the Dukku Barack Road, in Birnin Kebbi, the capital of Kebbi
State, Nigeria (Kebbi, 2022) (Figure 2.2 A). It has a total of 300 bed capacity and a
total staff population of 1,783. It provides tertiary health care services to the people of
the Kebbi State and the neighbouring states, as well as some patients from the

neighbouring country like the Niger Republic.
2.2.2.2 Sir Yahya Memorial Hospital

The Sir Yahya Memorial hospital (SYMH) is the 2" biggest tertiary hospital in Kebbi
State, with a total of 840 staffs and is located along the Haliru Abdu, Road, Birnin
Kebbi, Nigeria (PlatTechnologies, 2020). The FMC and SYMH hospitals are the two
main tertiary hospitals in the Kebbi state serving as the main referral centres. The FMC
is being operated by the federal government, while the SYMH is operated by the Kebbi
state government and these hospitals serve a population of over 4 million people
(Olaosebikan et al., 2020) (Figure 2.2 B).

FMC Birnin Kebbi (A)
=iy t;tt._?y s

| Sir Yahya memorial hospital (B)

Figure 2.2: Locations of the two study hospitals in Nigeria.
Where: A: Federal medical centre Birnin Kebbi (GOOGLEMAP, 2022c) and B :

Sir Yahya Memorial Hospital Birnin Kebbi (GOOGLEMAP, 2022¢).
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2.3 Study Design

The descriptive cross-sectional study of Part one included a semi-structured self-
administered questionnaire. A major part of the questionnaire for this study was
developed from the previously published study by Padonou et al. (2018). Approval to
use and modify the instrument was sort from the corresponding author Dr Germain Gil
Padonou, University of Abomey Calavi, Benin Republic (Appendix A). The context
validity of the questionnaire instrument was confirmed by a group of experts including

both doctors and nurses at the University of the Witwatersrand, South Africa. .

There were four sections in this instrument, with a total of 58 variables and Cronbach’s
alpha of 0.86 (Appendix B).

1. Section 1: Demographic information: This section consists of 10 items through
which the information on age, gender, occupation, duration of experience, highest
level of education and academic level of the participants were obtained.

2. Section 2: Knowledge on malaria symptoms and transmission: This section
consists of 10 items and in this part the respondent’s basic knowledge on the

cause, transmission, signs and symptoms of malaria were obtained.

3. Section 3: Knowledge on malaria management: This section is mainly for HCPs
and there were 21 items which were used to assess the HCPs knowledge and

preference on the management of malaria according to the South African protocol.

4. Section 4: Attitudes and perceptions regarding malaria: This consisted of 17 items
used to assess the attitudes and perceptions of the respondents on malaria and

its management.

2.4 Study Population and Sample Size Determination

The total populations from the study sites in South Africa were 18,742, comprising of
6,936 from CHBAH, 4,000 from CMJAH, 1,886 from Helen Joseph Hospital and 5,920
from the University of the Witwatersrand FHS students, University of the
Witwatersrand. While in Nigeria, the study sites have a total population of 2,946 which
consisted of 1,783 FMC, Birnin Kebbi, 840 from SYMH and 323 students from the

College of Health Sciences, Federal University, Birnin Kebbi.
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As determined by the Raosoft calculator (http://www.raosoft.com/samplesize.html) and
with the assistance of WITS statistician, the sample size was estimated to be 377 and
340 participants with estimated populations of <20,000 and 2,946 in South Africa and
Nigeria, respectively. All the sample sizes were calculated at 95% confidence interval
(Cl) and 5% margin of error. An attrition of 5.8% and 15.0% were added to the South
Africa and Nigeria calculated sample sizes, which resulted in a total sample size of 400
participants, from each country to be enrolled into the study. The 400 questionnaires
were shared between the study sites by using a sampling method proportional to size
(Table 2.1).

Table 2.1: The distributions of the sample size between the study sites using a

sampling method proportional to the size (South Africa and Nigeria).

Study site Population Percentage (%) Questionnaires (N)
South Africa

CHBAH 6,936 37 148
CMJAH 4,000 21.3 85
Helen Joseph 1,886 10.1 40
WITS FHS Students 5,920 31.6 127
Total 18,742 100 400
Nigeria

FMC B/K 1,783 60.5 242
SYMH 840 28.5 114
FUBK CHS students 323 11.0 44
Total: 2,946 100 400

2.5 Sources of Data, Inclusion and Exclusion Criteria

Approvals were obtained from the Head of the Departments at the different study sites
prior to the onset of the study. The HCPs were approached individually or at the
end/beginning of their clinical meetings held mainly on Friday and requested to
participate voluntarily in the study by completing the consent form (Appendix C).
Similarly, the study participants from the public, including patient relatives, visitors, and

outpatients, were approached individually within the wards and around the hospital
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premises Only those participants that voluntarily completed the consent forms were

included in the study.

The instrument was sent to the FHS students at the University of the Witwatersrand in
South Africa and College of Health Sciences Students of the Federal University Birnin
Kebbi, in Nigeria through their various email addresses and their WhatsApp groups.

The return from the Emails and WhatsApp was very low from both countries, as such
they were also approached with hard copies usually before the beginning of their
lectures and given a brief presentation about the research and asked to complete the
survey instrument at their own convenience for those that voluntarily wished to partake
in the study by completing the consent form. The effects of COVID-2 lock down and
alteration in education format severely affected the response rate by healthcare
professions who were inundated with patients and students who were overwhelmed

with the new on-line format of learning.

The questionnaire was captured into the Research Electronic Data Capture (REDCap)
database of the University of Witwatersrand, and it was either supplied as an electronic
or hard copy to the participants. The data collections were performed between
November 2019 to November 2021.

2.5.1 Inclusion criteria

For the Part one of the study, the inclusion criteria were, all the HCPs, out-patients,
accompanying hospital visitors in the selected hospitals, and FHS students over the
age of 18 years that agreed to participate in the study.

2.5.2 Exclusion criteria

The exclusion criteria for Part one of the study included those who refused to sign the
consent form and aged less than 18 years. Those aged less than 18 years were
excluded, because in South Africa and Nigeria before a person turned 18 years is
considered to be a child; hence they do not attain the legal consent for procedures
involved in research (Alake, 2020; LegalAidSouthAfrica, 2022).

2.5.3 Data Management and Statistical Analysis
The completed questionnaires were entered into the REDCap at a regular basis, often

daily after returning from the hospitals, thereafter the data was then downloaded for
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cleaning, cross checked for completeness, and imported into the IBM Statistical

Package for the Social Sciences (SPSS) version 27.0 for analysis.

The demographic information was analysed using descriptive statistics, mean and
standard deviation were reported where the data was found to be normally distributed
using Shapiro wilk test and histogram. In a situation where it is not normally distributed
median and interquartile range were reported. Some categorical data were presented

in graphs, mainly simple bar chart, clustered bar chart and pie chart.

Cross tabulations were performed between the categorical variables using a Pearson
Chi-square test, while odd ratio was used to compare the outcomes of some variables
obtained from the participants living in Nigeria, which is malaria endemic country
(exposed) with the outcomes obtained from the participants living in Johannesburg,
South Africa, which is malaria-free area (non-exposed) as this statistics can be
performed in cross sectional studies (Szumilas, 2010). All the statistically significant

associations were reported at a p value <0.05 and 95% CI.

The participants malaria-related knowledge was computed by assessing the ability of
the participants to correctly identified six malaria knowledge domains viz: common
malaria symptoms, mode of transmission of malaria, season with highest malaria
transmission, preventive strategies, breeding site and malaria as a cause of anaemia
(Table 2.2). The knowledge was categorised as good versus poor.
Table 2.2: Malaria-related knowledge domains scores (personal
communication, Wits its Statistician).

Characteristics Score
Common Malaria Symptoms
Fever
Chills
Headache
Joint pains
Nausea and vomiting
Abdominal pain
Convulsions
Mode of transmission of malaria
Infected female Anopheles mosquito bites 1
Season with highest malaria transmission
Rainy Season 1
Preventive Strategies
LLINs 1
IRS 1
Health promotion 1

B N N T Y N N §
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Case management 1

Larval Source management 1
Breeding Site

Standing Water or Garbage 1
Can Malaria cause anaemia?

Yes 1
Total 16

The minimum and highest scores obtainable were 0 and 16 respectively, those with a
score of 250% (8 and above) was regarded as having good knowledge, while those
with a score of <50% (0 to 7) was regarded as having poor knowledge (Okafor et al.,
2019).

While the participants’ attitude and practices on malaria was computed by totalling their
scores on the questions that assessed their attitudes and practices towards malaria
treatment and prevention. The total score obtainable ranges from 0 to 10, any
participants with greater than or equals to 2>50% (=5/10) of the total score was
regarded as having good attitude, while a score less than 50% (0 to 4 ) of the total

score was regarded as having poor attitude (Okafor et al., 2019). (Table 2.3).

Table 2.3: Participant’s attitude scoring domains.

Variables Scores

Do you think malaria is a preventable disease?

Yes 1

Attitudes on Personal protective measures (Which of these do
you think will provide personal protection against malaria?)

LLINs 1

Mosquito repellents 1

Clean environment 1

Anti-malarial prophylaxis 1
Which of these prophylactic drugs have you ever used?

Mefloquine 1

Doxycycline 1

Atovaquone-Proguanil 1
Treatment seeking behaviours?

Within 24 hours 1
Do you always complete drugs as prescribed?

Yes 1

Total 10
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2.6 Part Two

In preparation for the Part 2 laboratory-based study in which the efficacy of fifteen
commercially available mosquito repellents were evaluated, a collation of mosquito

repellents was prepared.

2.6.1 Repellent information

Information with regards to commercially available mosquito repellents was obtained
through the market survey conducted by checking at the pharmacies in the mall, street
stalls, warehouses, and supermarkets within Johannesburg. In addition, the online
mosquito repellent information was obtained through an online search using search
terms like: “mosquito repellent in Johannesburg”, “insecticide in Johannesburg,”

LL 1

“available citronella products in Johannesburg,” “synthetic mosquito repellents in

Johannesburg” “DEET product in Johannesburg,” “natural mosquito repellent in
Johannesburg” and many others. The information was collated and the available
information such as composition, instructions of use, registration with South African
Bureau of Standards (SABS) was documented. The 15 mosquito repellents products
evaluated were purchased from Dis-Chem, at the Mayfair Station and Clicks
pharmacies in Johannesburg (Table 2.4). The repellent efficacy testing was performed
at the WRIM laboratories using a non-contact method with a two-sided plastic netted

chamber constructed according to WHO efficacy assay guideline (WHO, 2009).
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Table 2.4: List of 15 repellent products tested.

No Name Of the Products Formulations
1 Tabard. Lotion
2 Citro-Bar Soap. Soap
3 Life Trek, Mosquito Spray. Spray
4 Medi Scabiol Soap. Soap
5 Mosquito Guard. Lotion
6 Anti-Mozzie Camping, Outdoor and Indoor Cream. Cream
7 No-Squito Lotion. Lotion
8 Pure Begining Organic Care, 100% Natural Insect Repellents. Spray
9 Medic Insect Repellent Cream. Cream
10 All-Natural Guard Insect Repellent. Lotion
11 So Pure Naturally, Mosquito Spray. Spray
12 Moz-Free Mosquito Repellent. Cream
13 Mylol Perfumed Mosquito Repellent. Stick
14 Mosquito Patch Insect Repellents. Patch
15 Bennets, Mozzie Stick. Stick

2.6.2 Repellent Assay - Biological material

The Congo Anopheles gambiae s.s. (previously called S- molecular form) (COGS

colony) housed at the WITS Research Institute for Malaria (WRIM) Maureen Coetzee

Insectary was used for assays (Koekemoer et al., 2011). Insectary rearing conditions

for the colony were standardised at a temperature of 27 + 2°C, relative humidity of 80

+ 10% and photoperiod of 12 hours light to 12 hours dark. Twenty actively host

seeking, female Anopheles mosquitoes were starved for 12 hours and used per

volunteer throughout the experiment, making a total of 80 females Anopheles

mosquitoes for the four volunteers used per each repellent evaluated. The age of the

mosquitoes used for each repellent product for the repellency assay (Table 2.5).
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Table 2.5: Repellent products tested, and age of the mosquitoes used.

Repellent product tested Age (days)

Tabard

Citro-bar Soap

Life Trek, Mosquito Spray

Medi Scabiol Soap

Mosquito guard

Anti-mozzie camping, outdoor / indoor cream
No-squito lotion

Pure Begining Organic Care.
Medic Insect Repellent Cream
All-natural guard insect repellent
So Pure Naturally, Mosquito Spray.
Moz-Free Mosquito Repellent
Mylol perfumed mosquito repellent

Mosquito Patch Insect Repellents

O N N N O N oo O o0 N OO N O o

Bennets, Mozzie stick

Median 6.0 IQR = 6.0-7.0)

2.6.3 Evaluation of repellents efficacy
The assays were conducted weekly on Friday mornings when adult mosquitoes were
available from the insectary, with the following steps undertaken to evaluate the

repellent effect of the test products (Figure 2.3):

1. Four volunteers were used for each repellent product throughout the experiment
(resulting in a total of four replicates) as per WHO guidelines (WHO, 2013). Four
volunteers were used for each repellent to control for any inherent variables
associated with using one volunteer. This could be due to the differences in
olfactory characteristics, dermal structure, and innate repellence; such that each
volunteer act as their own control, and this will also help to determine the

population dynamics affecting the efficacy of the repellents (Mukabana, 2002).

2. A week before the assay, the volunteers completed a short questionnaire to assess
their previous history of allergy and those with a positive history was excluded from

conducting the experiment (Appendix D).
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80 mosquitoes collected from WRIM Maureen
Coetzee Insectary weekly

‘ Transported to the drug discovery lab ‘

l 20 mosquitoes transferred into four chambers

|

|
The mosquitoes allowed to adapt to the W
new environment for 10 minutes J

[ Apply mosquito repellent to volunteers' arm ‘

‘ Determine readiness of mosquitoes to bite i

270% mosquito attraction, initiate count of ‘
mosquitoes at intervals of 15 minutes for 1 hour |

Collation of data in REDCaP

Figure 2.3: The repellent efficacy assay procedure.

3. A day before the onset of the assays the volunteers were invited to the WRIM unit
on the tenth floor of the FHS Building to become familiar with the SOP of the
experiment and to sign the consent form (Appendix D). At that time the repellent
product to be tested was applied to a small area on their arm to look for any
potential allergic reaction the next day. The volunteers were instructed not to apply
any perfume, aftershave, or aromatic lotion the morning of the experiment to avoid

interference with the potential repellent properties of the test compound.

4. Twenty female Anopheles gambiae s.s were collected from the Maureen Coetzee
Malaria Insectary and transferred into the dual choice chamber using an aspirator

in an environment with the optimal temperature and humidity (Figure 2.4).
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Figure 2.4: Mosquito repellency Plastic-Neted-Dual Choice Test Chamber.

Mosquitoes were placed into the device (chamber A). Mosquitoes were allowed to freely
migrate between the test (B) or control (C) chambers. D and E illustrate the volunteers

right (Test) and left (Control) arms placed 2cm away from the net.

5. The repellent to be tested on that day was then applied on the volunteer’s anterior
aspect of the right arm (test arm), using a measuring instrument of 17cm X8.5cm
to ensure equal surface area of application for all the participants (Figure 2.5),
while the left arm served as control. All the applications were done according to

the manufacturer’s instructions.

6. Before the commencement of all the assays, the readiness of the mosquitoes to
bite were always tested with the control arm, if <70% attraction rate was noted the
assays was canceled and rescheduled to another week. If >70% attraction rate
was noted both arms were then placed at the side of the chambers, 2cm away

from the nets.

All the assays were conducted for a duration of one hour and the mosquitoes attracted
to the nets and those that stayed in the chambers were counted at the 15 minutes
interval and recorded in the data collection sheet (Appendix E). The moribund
mosquitoes were only counted at the end of the procedure. The moribund mosquitoes
were any mosquito that could not stand (e.g., has 1 or 2 legs); any mosquito that could
not fly in a coordinated manner; a mosquito that was its back, moving its legs and
wings, but unable to take off; and a mosquito that could stand and take off briefly, but
fell down immediately (WHO, 2013). Only one product was tested per day.
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Figure 2.5: A measure template of 17cm x 8.5cm that was used to apply the test

repellents for all the participants.

Percentage attraction (%) =

. At the end of the procedure, the plastic chambers were then cleaned with 70%

alcohol, rinsed with water, and allow to air dry for used the following week.

. The data obtained was then immediately transferred into REDCap and was used to
calculate the protection rate, percentage attraction, percentage responding and
spatial activity index according to WHO guidelines (WHO, 2013).

. The percentage attraction of the tested repellents products was calculated using
(Equation 2.1), which is the determinant of the spatial repellence activity of any
insect repellent product, good repellence activity is indicated by a lower percentage
attraction, it is calculated by dividing the average number of mosquitoes counted at
the treated arm net divided by the total number of mosquitoes used for the test,
minus any damaged mosquito (WHO, 2013). The average number of the
mosquitoes on the treated arm net was obtained by calculating the mean of the
number of mosquitoes counted on the treated arm net over an hour at interval of 15

minutes and for all the four volunteers (Equation 2.2).

Average number of mosquitoes on treated arm net

* 100

Total number of mosquitoes used (20)

Equation 2.1: Formula used to calculate the percentage attraction of the

repellent products tested (Mitra et al., 2019).
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Average number of mosquitoes on treated arm net

Total number of mosquitoes counted in all the four assays

B 4
Equation 2.2: Formula used to calculate the Average number of mosquitoes on

the treated arm net of the repellent products tested.

10.While the percentage repellency, which represent the efficacy of the tested
repellents was obtained by using (Equation 2.3) which compared the average
number of mosquitoes that landed or attempted to bite at the treatment and control
arm net (Naucke et al., 2007; Lupi et al., 2013).

Percentage repellency (%) = (C *t — T)/(C * t)x100.

Equation 2.3: Formula used to calculate the percentage repellency of the
repellent products tested. Where C stand for the average number of mosquitoes
counted in the control chambers, T stand for the average number of mosquitoes counted
in the treatment chambers, t stand for the duration of time used for the assay which is 60

minutes in this study.

11.The spatial repellency of the repellents products was calculated using the spatial
activity index (SAl), which is defined as the proportion of mosquitoes prevented
from entering the treatment chamber in relation to the total number of the

mosquitoes moving within the system (Equation 2.4) (WHO, 2013).

SA = [NCAC—NTAC] (TNCT)

NCAC+NTAC N

Equation 2.4: Equation used to calculate the spatial activity index of the tested
repellent products. Where NCAC=number of mosquitoes in the control arm chamber,

NTAC = number of mosquitoes in the treated arm chamber, TNCT= total number of mosquitoes

in both control and treated arm charm chamber and N = of mosquitoes used for the experiment.

(—TILCT) is also called percentage responding.
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2.6.1 Inclusion criteria
The inclusion criteria were lack of any history of an allergic reaction, returned
completed standard operating procedure (SOP) and consent forms, negative skin test

conducted a day before the experiments and being older than 18 years.

2.6.2 Exclusion criteria
The exclusion criteria were having any form of an allergic reactions, refusal to sign the
consent form or SOP, positive skin test conducted a day before the experiment and

being younger than 18 years.

2.6.3 Data Management and Statistical Analysis

For the Part two of the study, the data obtained from the mosquito repellent (part two)
assays, the protection rate, percentage attraction, percentage responding, and spatial
activity index were captured into REDCap, before being downloaded and imported into
SPSS version 27.0 for cleaning and analysis.

The percentage mean repellency of the tested repellents was calculated and
transformed for comparisons between the mean protections of the control (Tabard™)
and the other tested repellents using ANOVA, the normality of the data was checked
(using normogram and shapiro wilk test). Levene test was also conducted to determine
the homogeneity of the variance. In a case of a statistically significant non-

homogeneity of the variance or an unequal sample size, Welch test were reported.

A post-hoc test was also conducted using Turkey’s honestly significant difference test
(Turkey HSD) to identify the point of statistically significant difference between the

means of the control and other tested mosquito repellents.

2.7 Permissions to Conduct the Study

This study was approved by the School of Therapeutic Sciences Protocol Assessment
Committee of the University of the Witwatersrand, South Africa (Appendix F).
Permission to conduct the study was obtained from the Chief Executive Officers of all
three hospitals in South Africa (Appendix G-l) and two hospitals in Nigeria (Appendix
J and K). As well as from the registrar of the University of the Witwatersrand in SA and
FUBK in Nigeria (Appendix L and M) and from the Head of the following Schools in the
FHS: Anatomical Sciences, Clinical Medicine, Oral Health Sciences, Pathology,
Physiology, Public Health, and Therapeutics Sciences (Appendix N to T).
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2.8 Ethical Considerations

The ethical clearance to conduct the study was obtained from the Human Research
Ethics Committee of the University of the Witwatersrand in South Africa (M190657 and
M200177) and from the Kebbi State Ministry of Health in Nigeria and FUBK Ethics
Committee in Nigeria (Appendix U and V). To note the change of dissertation and
ethics titles were approved by the WITS Faculty of Health Sciences Postgraduate

Office and Human Research Ethics Committee (Appendix W)

A waiver was obtained from the WITS Animal Research Ethics Committee for the use
of Anopheles mosquitoes for the repellent efficacy assays (07-11-2017-O) (Appendix
X).

Approval to undertake the study in Gauteng Hospitals was obtained from the Gauteng
Health Research Committee with the GP number : GP_201909_005 (Appendix Y).
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CHAPTER THREE:
RESULTS

This study consists of a descriptive cross-sectional study which compare the malaria-
related knowledge, attitudes, and preventive practices of the participants from South
Africa and Nigeria (part one) and a laboratory-based study in which the efficacy of
fifteen mosquito repellents products were evaluated (part two). In This chapter the
analysis of the result obtained from the cross-sectional study, the market and online

surveys and repellents efficacy assays were presented.
3.1 Demographic Characteristics

3.1.1 Gender and level of education

A total of 1,144 questionnaires were voluntarily completed, where (65.7%; n = 752)
were from South Africa, and the balance of (34.3%; n = 392) from Nigeria. Most of the
respondents were females (57.4%; n = 656), followed by males (42.1%; n = 481) and
other gender (0.5%; n = 6). There were more female participants from South Africa
(62.1%; n = 466), while males (51.5%; n = 202) were the majority in Nigeria. There
was a statistically significant differences in gender between the two countries
(p<0.001). The other genders were all reported from South Africa (Table 3.1).

Most of the participants (for both countries combined) had a tertiary level of education
(76.1%; n =861), only (0.7%; n = 8) of the participants have primary certificate as their
highest level of education, while (1.8%; n = 20) have not attended schools. In both
countries, the tertiary level was the highest level of education reported (70.5%; n =
527) and (87.0%; n = 334) from South Africa and Nigeria, respectively. Most of the
respondent that did not attend school were from Nigeria (60%; n = 12) compared to
(40%; n = 8) from South Africa, with a statistically significant difference on the level of
education of the respondents between the two countries (p < 0.001).

There was a statistically significant difference between the gender and level of
education of the respondents (p<0.001), this difference was also significant within the
respondents from each country (p < 0.001) and (p = 0.025) in South Africa and Nigeria,
respectively (Table 3.1).

54



Table 3.1: Gender and Level of Education.

Characteristics South Africa Nigeria % Total X2 df P value
% (n) (n) % () (n
65.7 (752) 34.3(392) 1,144)
Gender 24.066 2 <0.001
Males 37.2 (279) 51.5(202) 42.1 (481)
Females 62.1 (466) 48.5(190) 57.4 (656)
Other gender 0.8 (6) - 0.5 (6)
Level of education 54.602 3 <0.001
No schooling 1.1 (8) 3.1(12) 1.8 (20)
Primary level 0.8 (6) 0.5(2) 0.7 (8)
Secondary level 27.6 (206) 9.4 (36) 21.4 (242)
Tertiary level 70.5 (527) 87.0(334) 76.1(861)

3.1.2 Age characteristics

The mean age of the study participants was 25.95 + 8.04 years, there were relatively

younger participants from South Africa (mean 24.78 + 7.47 years) compared to

participants from Nigeria (28.35 + 8.62 years, p< 0.001). When grouped in to three

different age categories the age of the most participants were within the age range of

21-40 years 71.1% (n = 746), while the least age group in this study was 41 years and

above 5.4% (n = 57). (Figure 3.1).

| 18-20yrs
m 21-40yrs

m >40yrs

Figure 3.1: The percentage age categories of the study participants.
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3.1.3 Occupational status

Of the 1,144 participants, 55.2% (n = 631) were students, 27.5% (n = 315) were HCPs,
while 17.3% (n = 198) were public respondents. Majority of the HCPs were nurses
37.1% (n = 117), while the physiotherapist were the least participants among the HCPs
8.6% (n = 27) to respond to the questionnaire (Figure 3.2).

Out of the 631 students, 92.2% (n = 571) were undergraduate, while 7.8% (n = 48)
were postgraduate students, where the postgraduate students were all from Wits

University South Africa.

Among the 1,144 participants, 36.5% (n = 387) have had a previous history of malaria
infection, 1.8% (n = 19) cannot remember their previous malaria history status, while
most of the respondents, 61.7% (n = 653), had never experienced a malaria infection.
There were significantly higher reported malaria infections among the respondent from
Nigeria (98.9%; n = 348) compared to the 5.7% (n = 39) from South. The respondents
from Nigeria were more likely to report a previous history of malaria infection compared
to their South African counterparts (OR=1447.77,95% Cl=513.15-4084.67; p<0.001);
however, this finding was already expected as Johannesburg is a malaria-free area
compared to Nigeria, which is malaria endemic region (FMOH, 2013; SADOH, 2019b).

= Public
= Students
Doctor
Nurse
= Pharmacist
= Lab Scientist
2.4% = Physiotherapist

Figure 3.2: Percentage distributions of occupations of the three groups of
participants.

Namely Public (l), Students (l) and HCPs (| ), including the Doctors ( ), Nurses
( , Phamacists (l), Laboratory scientists (. and Pysiotherapists (I) that took
part in the Part 1 of the study.
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3.1.4 Distribution of HCPs across the study sites

Out of the 315 HPCs that participated in the study, 52.1% (n = 164) were from Nigeria,
while 47.9% (n = 151) were from South Africa (P<0.001). Most of the HCPs
respondents in Nigeria were from the Federal Medical Centre, Birnin Kebbi (FMC B/K)
75.5% (n = 117), while in South Africa most of the HCPs respondents were from the
CMJAH (50.7%; n = 69) (Table 3.2).

Table 3.2: Distributions of HCPs across the study hospitals.

Characteristics ::nr;e quency Percentage (%)
South Africa 151 47.9
CMJAH 69 50.7
Helen Joseph 36 26.5
CHBH 31 22.8
Nigeria 164 521
FMC B/K 117 75.5
Sir Yahya 38 245

Note: in this table only 136 out of 151 of the SA HCPs specified their hospitals, also
only 155 out of 164 NG HCPs specified hospitals, hence may not add up to 315 HCPs.

3.2 Knowledge on malaria symptoms and transmissions
To better understand the knowledge of the various groups of participants, several
questions were posed about malaria symptoms, the malaria vector, transmission,

control, and treatment.

3.2.1 Knowledge on malaria symptoms

Seven common symptoms of malaria viz: fever, chills, headache, joint pains, nausea
and vomiting, abdominal pain and convulsion were presented to the participants as
multiple-choice response question to assess their knowledge on malaria symptoms.
Fever was the most known symptom of malaria identified by the study participants
(86.3%; n = 987), while the other two most recognised symptoms were headache
(68.3%; n = 781) and chills (67.8%; n = 776), the least mentioned of the symptoms
was abdominal pain (42.6%; n = 487) (Figure 3.3). Within the groups, 86.7% (n = 273),
90.5% (n =571) and 72.2% (n = 143) of the HCPs, students and public knew fever as
a symptom of malaria, respectively (Figure 3.4).
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Figure 3.3: Percentage distributions of participants correct responses on

Malaria symptoms (Total and study countries).
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Figure 3.4: Distributions of respondent’s knowledge of malaria symptoms based

on occupations (total).
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The knowledge of the malaria symptoms was statistically significantly different
between the study countries on all the seven symptoms with p-values <0.001 for all
the symptoms, except for headache (p=0.013). The HCPs and students from South
Africa had higher knowledge of malaria-related symptoms compared to the HCPs and
students from Nigeria. However, the public respondents from Nigeria had a higher
knowledge on malaria-related symptoms compared to the public from South Africa
(Figures 3.5, and 3.6).
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Figure 3.5: Distribution of knowledge of the Nigerian respondents on malaria

symptoms based on occupations.

Further analysis revealed that out of the 1,144 participants only 33.8% (n = 387) of the
respondents answered all the seven symptoms correctly. There were more participants
from South Africa with correct answers for all the symptoms (35.6%; n = 268) compared
to 30.4% (n = 119) from Nigeria, although this was not statistically significant different
(p =0.073). Most of the respondents, 99.5% (n = 385) that answered all the symptoms
had a good malaria knowledge score compared to 0.5% (n = 2) that answered all the
symptoms with poor knowledge score (p < 0.001). The proportion of the HCPs that

correctly answered all the seven symptoms were 47.0% (n = 148), which was
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statistically higher than the correct responses among the students and public (p<0.001)
(Figure 3.7).
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Figure 3.6: Distribution of knowledge of the South African respondents on

malaria symptoms based on occupations.
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Figure 3.7: Distributions of percentage correct responses for all the symptoms

across the different study groups.
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The four most common symptoms and signs of malaria viz: fever, chills, headache and
nausea and vomiting were identified by 46.2% (n = 529) of the participants. Within the
groups, 59.4% (n = 187), 44.4% (n = 280) and 31.3% (n = 62) of the HCPs, students
and public identified all the four common symptoms of malaria, respectively (p <0.001).

3.2.2 Participant’s knowledge on malaria vector

Out of the 1,144 participants, 91.8% (n = 1,034) mentioned infected female Anopheles
mosquito as the responsible vector for malaria transmission, while 1.3% (n = 15) of the
participants associated the cause of malaria to eating of contaminated food (Figure
3.8).

100 91.8(1034)
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g 80
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Anopheles  climatic changes eating swimming in
mosquitoes contaminated rivers and ponds
food

Figure 3.8: Distribution of participants responses on mode of transmission of

malaria.

The study country of the respondents was found to have a statistically significant
association with knowledge of malaria vector (p<0.001). Out of 15 participants that
associated the cause of malaria with eating contaminated food 93.3% (n = 14) were

from South Africa compared to 6.7% (n = 1) from Nigeria (Figure 3.9).

There was no statistically significant difference on knowledge of malaria vector among
the students from the two study countries 96.5% (n = 166) from Nigeria compared to
96.2% (n = 436) from South Africa (p = 0.254). However, a slightly higher level of
misconception was seen among the students from South Africa where 0.7% (n = 3)
and 1.3% (n = 6) associated the cause of malaria with eating contaminated food and
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swimming in the river and ponds, respectively, while none of the student from Nigeria

have associated malaria with any of the above causative factor.

A statistically significant proportion of the HCPs 99.0% (n = 305) correctly associated

female Anopheles mosquito as the vector responsible for malaria transmission
compared to students and public (p<0.001) (Figure 3.10). Furthermore, a higher
proportion of misconception on malaria vector was seen among the public 6.2% (n =

12) who associated the cause of malaria with eating contaminated food compared to

students 0.7% (n = 3); while none of the HCPs associated the cause of malaria with

eating contaminated food (Figure 3.10).
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Figure 3.9: Distribution of participants knowledge on mode of malaria

transmission across the study countries.
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Figure 3.10: Distribution of the respondent’s knowledge of malaria vector across

the study groups.

Furthermore, the participants gender (p=0.027), level of educations (p<0.001) and
occupational status (p<0.001) were found to be statistically significantly associated
with knowledge of malaria vector. While the age of the participants was not statistically

associated with knowledge of malaria transmission vector (Table 3.3).
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Table 3.3: Knowledge of malaria vector across the respondents’ demographics

characteristics.

Charac- Female Climati . Swimming in
teristics Anopheles [ogile (e A e rivers and P values
% (n) mosquito bite e IEEE ponds

Level of education <0.001
No schooling 63.2(12) 0.0(0) 10.5(2) 5.3(1)

Primary 50.0(4) 12.5(1) 0.0(0) 0.0(0)

Secondary 86.7(208) 4.2(10) 2.5(6) 2.9(7)

Tertiary 94.3(800) 1.5(13) 0.8(7) 1.5(13)

Gender 0.027
Male 89.0(419) 3.0(14) 2.1(10) 1.9(9)

Female 94.0(610) 1.4(9) 0.8(5) 1.8(12)

Occupations <0.001
HCPs 99.0(305) 0.3(1) 0.0(0) 0.0(0)

Students 96.3(602) 1.3(8) 0.5(3) 1.0(6)

Public 65.8(127) 7.8(15) 6.2(12) 7.8(15)

Age 0.227
18-20yrs 91.4(223) 0.8(2) 1.6(4) 2.9(7)

21-40yrs 92.0(676) 2.7(20) 1.5(11) 1.6(12)

>40yrs 92.6(50) 1.9(1) 0.0(0) 0.0(0)

3.2.1 Knowledge on mosquito breeding site and season of malaria transmission
Out of the total 1,144 participants, 85.3% (n = 962) correctly mentioned standing water
as the breeding site for mosquito growth. While 7.2% (n = 81), all from South Africa

reported not knowing the mosquito breeding site.

Furthermore, a higher proportion of participants from South Africa mentioned soil as

the breeding site of mosquito 2.0% (n = 15) compared to those from Nigeria 1.3% (n =
5). However, there were more participants from Nigeria 8.9% (n = 34) that have a
misconception on garbage as a mosquito breeding site compared to those from South
Africa 4.2% (n = 31). There was a statistically significant association (p<0.001)
between the knowledge of mosquito breeding site between the two study countries
(Figure 3.11).
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Figure 3.11: Respondent’s overall knowledge on mosquito breeding sites (both
countries combined) and within each country.

Among the different study groups, a higher proportion of HCPs (97.3%; n = 146) from
South Africa correctly mentioned standing water as the mosquito breeding site,
compared to (94.4%; n = 153) of their counterpart from Nigeria. However, a higher
proportion of students (91.8%; n = 156) and public (69.2%; n = 36) from Nigeria
correctly mentioned standing water as the breeding site for mosquito development
compared to (87.3%; n = 397) and (53.2%;n = 740) of the students and public from
South Africa, respectively (Figure 3.12).

A total of 79.5% (n = 893) correctly mentioned that the rainy season was the period
with the highest malaria cases, while (6.7%; n = 75) of the respondents said there is
no difference in the number of malaria cases between the different seasons in both
countries (Figure 3.13). A statistically significant differences on the knowledge of
malaria seasons was seen between the respondents from the study countries
(p<0.001). A higher proportion of participants from South Africa (8.6%; n = 63)
mentioned dry season as period with highest malaria transmission compared to (7.5%;
n = 29) from Nigeria that mentioned dry season (Figure 3.14).
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Figure 3.12: Combination chart depicting the percentage knowledge of mosquito
breeding site among the different groups of respondents across the study
countries.

Where: NG= Nigeria, SA= South Africa.
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Figure 3.13: Pie chart depicting knowledge of malaria season of the study

participants.

66

% of responses line charts



100 ~ 12

90 +

- 10
80 -

70 A

60 -

50 A

40 1

% of Response
% of Response

30 A

20 A

10 -

8.3
0

Nigeria South Africa
Season

Site

= Rainy = Dry No difference | don’t know

=@=—Standing water ==@=Soil —@—garbage =@=—| don’t know

Figure 3.14: Cluster bar and line charts depicting the participants knowledge of

malaria seasons and breeding sites across the two countries.

The existence of an association between the knowledge of mosquito breeding site and
occupations was found to be statistically significant (p=<0.001) as determined using
the Pearson chi-square. The participants level of education was found to be statistically
related to the knowledge of mosquito breeding site (p<0.001) with those with tertiary
level of education having the highest knowledge level (87.3%; n = 745) compared to
(83.5%; n =198), (50.0%; n = 4) and (26.3%; n = 5) for the secondary, primary and no

schooling, respectively.

The knowledge of the mosquito breeding site was found to be highest among the
respondents with age >40yrs (91.2%; n = 52) compared to (87.0%; n = 640) and
(79.5%; n = 194) for those within the age range of 21-40yrs and 18 — 20yrs,

respectively. However, this difference was not statistically significant (p = 0.068).
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3.2.2 Knowledge on malaria control strategies

Participants were asked to select the strategies of malaria control they knew, six
multiple choice options were presented to them which include: LLINs, IRS, malaria
case management, health promotion, other strategies and | do not know options. Out
of the 1,144 respondents, the majority (72.3%; n = 782) knew LLINs as a malaria
control strategy, while (6.8%; n = 74) of the participants said they do not know any

malaria control strategies (Table 3.4).

Table 3.4: Frequency and Percentage of the participants responses on malaria

control strategies.

Characteristics Frequency (n) Percentage (%)
LLINs 782 72.3

IRS 478 44.2

Health promotion 472 43.7

Case management 267 24.7

Other control strategies 35 3.2

Don’t know any 74 6.8

A statistically significant differences were seen when comparing the knowledge of
malaria control strategies across the three study populations, where the HCPs
recorded a statistically higher knowledge on LLINs (83.5%; n = 237) compared to
(74.1%; n = 453) and (49.5%; n = 92) from the students and public, respectively
(p<0.001). While the students recorded a slightly higher knowledge on IRS (49.3%; n
= 453) compared to (43.0%; n = 122) and (29.6; n = 92) from the HCPs and public,
respectively (p<0.001) (Figure 3.15).
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Figure 3.15: Distributions of knowledge of three different study groups on

malaria control strategies.

The participants from South Africa have a statistically higher knowledge on the three
of four control strategies assessed in this study (Table 3.5). However, a statistically
higher proportion of respondents from Nigeria (84.5%; n = 295) mentioned LLINs as a
malaria control strategy, compared to 66.5% (n = 487) from South Africa (p<0.001).
Across the three study groups, the public respondents from Nigeria recorded the
highest knowledge on LLINs (89.4%; n = 42) compared to HCPs (88.4%; n = 122)
versus 78.8% (n = 115) and students 81.4% (n = 131) versus 72.0% (n = 322) from

Nigeria versus South Africa, respectively.

Table 3.5: Distributions of respondents’ knowledge on malaria control

strategies across the two countries.

South Africa Nigeria

Characteristics X2 P value
%(n) %(n)
LLINs 66.5 (487) 84.5 (295) 13.120 <0.001
IRS 54.4 (398) 22.9 (80) 112.010 <0.001
Health promotion  53.4 (391) 23.2 (81) 104.371 <0.001
Case
30.9 (22) 11.7 (41) 55.292 <0.001
management
Don’t know 9.2 (67) 2(7) 21.615 <0.001
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A significantly higher proportion of HCPs (61.6%; n = 90) from South Africa recorded
higher knowledge on IRS compared to (23.2%; n = 32) from their counterpart in Nigeria
(p<0.001) (Table 3.6).

Table 3.6: Distributions of respondents’ knowledge on malaria control strategies

of the different study groups across the two countries.

. South Africa Nigeria
Variable X2

%(n) %(n)

HCPs Students Public HCPs Students Public

LLINs 78.8(115) 72.0(322) 37.0(50) 88.4(122) 81.4(131) 89.4(42) 54.207*

IRS 61.6(90) 59.1(264) 32.6(44) 23.2(32) 23.0(37) 13.8(11) 26.261*

Health
_ 66.4(97) 57.7(258) 26.7(36) 25.4(35) 21.7(35) 23.4(11) 32.109*
promotion

Case Mgx 36.3(53) 34.7(155) 8.0(18) 17.4(24) 7.5(12) 10.6(5) 18.871*

Don’t

4.8(7) 6.0(27) 24.4(33) 0.7(1) 3.1(5) 2.1(1) 47.564*
know

3.2.3 Respondents’ knowledge on malaria as a cause of anaemia and family

history of blood transfusion due to malaria
Participants were asked if a malaria infection can cause anaemia and if they or any
member of their families had ever been given a blood transfusion due to malaria-
induced anaemia. Out of the 1,144 participants, (79.8%; n = 893) responded that
malaria could cause anaemia; whilst (20.2%; n = 226) responded “no”. A significantly
higher proportions of Nigerians (84.3%; n = 322) were aware about the anaemia from
a malaria infection, compared to (77.5%; n = 571) from South Africa (OR=0.641,
95%CI1=0.463-0.887, p=0.007). A significantly higher proportion of HCPs (93.2%; n =
289) said ‘malaria can cause anaemia’ compared to students and public participants
(p=0.001).

Of the 1,144 participants, a positive family history of blood transfusion due to anaemia
from malaria infection was obtained from only (14.6%; n = 163). The positive history of

blood transfusion was statistically significantly reported by the participants from Nigeria
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(33.7%; n = 126) compared to (5.0%; n = 37) from South Africa (p < 0.001). A higher
proportions of positive family history of blood transfusion was obtained from all the
study groups in Nigeria (44.4%; n = 24), (41.8%; n = 64) and (22.8%; n = 38) compared
to (11.6%; n = 16), (8.1%; n = 12) and (2.0%; n = 9) for the public, HCPs and students
from Nigeria and South Africa respectively. (Figure 3.16).
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Figure 3.16: The participant responses on the family history of blood transfusion

due to anaemia from three different research groups across the study countries.

3.2.4 Sources of malaria information and participants request for further health
promotion on malaria

The participants were asked to identify their source of malaria-related information. A

range of options were provided which include radio and television, hospitals, schools,

friends, newspapers, and other sources. The participants were also asked if they think

they have enough information on malaria and if not what kind of health promotion will

be of interest to them.

Overall, majority of the participants mentioned schools as their main source of
information on malaria 55.5% (n = 609). While the least source of information was
newspapers 6.7% (n = 72) (Figure 3.17). For the participants from Nigeria the highest
source of information on malaria was hospitals 46.8% (n = 168), while for the South

African respondents the highest source of information on malaria was from schools.
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The participants from South Africa have an odd twice more likely to obtain an
information on malaria from schools compared to those from Nigeria (OR =2.114; 95%
Cl=1.649-2.711; p<0.001), the South Africans participants were also twice as likely to
obtain an information on malaria from friends and newspapers compared to Nigerians
(Table 3.7).
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Figure 3.17: Overall distribution of participants source of information on malaria.

In contrast, a higher proportion of participants from Nigeria (34.0%; n =122) received
their information from radio and television compared to (18.5%; n = 137) from South
Africa. Also, more participants from Nigeria (46.8%; n = 168) received their information
on malaria from the hospitals compared to (28.4%; n = 210) of the participants from
South Africa. The participants from South Africa have an odd 0.493 and 0.517 less
likely to obtain an information on malaria from radio / television and from the hospitals
respectively compared to participants from Nigeria (Table 3.7). Apart from the above
sources of malaria information, other information sources on malaria were mentioned
by 13.7% (n = 150) of the study participants; the guidelines, books, journals, and
conferences were the highest additional sources of malaria information mentioned by
2.4% (n = 27) of the respondents (Table 3.8).
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Table 3.7: Respondent’s malaria source of information and adjusted odds ratios

across the two study countries.

South Africa Nigeria
Variables OR (95% CI) P values
%(n) %(n)
Radio, Television 18.5(137) 34.0(122) 0.493(0.372-0.654) <0.001
Hospitals 28.4(210) 46.8(168) 0.517(0.400-0.667) <0.001
Schools 60.6(448) 44.8(161) 2.116(1.649-2.711) <0.001
Friends 17.5(129) 8.4(30) 2.499(1.645-3.795) <0.001
News papers 7.8(58) 4.5(16) 1.964(1.113-3.464) 0.018

Table 3.8: Other sources of malaria information reported by the participants.

Characteristics Frequency (n) Percentage (%)
Guidelines, books, journals, conferences 27 2.4
Internet 20 3.1
Family 18 1.6
Pamphlets 2 0.2
Movies 2 0.2
WITS Museum 1 0.1
Personal studies 3 0.3
Workplace 1 0.2

Among the 1,144 participants, (48.1%; n = 544) said they have enough information on
malaria, while (51.9%; n = 586) said they do not have enough malaria information and
they requested for further health promotion on malaria. Most of the requested
information were those related to malaria treatment (58.6%; n = 337) and those related
to the preventive measures (54.6%; n = 314). A higher proportion of South Africans
requested virtually all the forms of information on malaria compared to Nigerians
except for the information on control measures which was requested by a slightly
higher proportions of the participants from Nigeria (48.2%; n = 41) compared to (47.3%;
n = 232) of the respondents from South Africa (Table 3.9).
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3.2.5 Overall malaria-related Knowledge Score of the respondents

The overall malaria knowledge was computed by summing the individual scores of the
participants on malaria knowledge related questions (Table 2.2). Out of the 1,144
participants (68.8%; n = 779) have good knowledge on malaria, with a score 28/16,
while (31.2%; n = 355) have poor knowledge, with a score of < 7/16. A significantly
higher proportion of respondent from South Africa have good knowledge of malaria
(73.8%; n = 548) compared to the respondents from Nigeria (59.2%; n = 231) (p
<0.001), with an odd almost two times more likely for South African respondents to
have good malaria-related knowledge compared to those from Nigeria (OR=1.934,
95% CI=1.492-2.504).

Table 3.9: Different types of information on malaria requested by the

participants.

Information Overall South Africa Nigeria P

requested %(n) %(n) %(n) OR (95%Cl) values
Information on 58.6(337) 70.8(291) 63.9(146) 4.748 <0.001
treatment. (3.377-6.676)
Information on 54.6(314) 66.4(273) 56.9(41) 4.879 <0.001
prevention. (3.418-6.966)
Information on 47.5(273) 56.4(232) 56.9(41) 3.820 <0.001
control. (2.669-5.467)
Nature of the 43.7(251) 44.1(213) 7.9 (38) 3.681 <0.001
disease. (2.542-5.331)
Signs and 45.4(261) 57.9(238) 31.9(23) 7.429 <0.001
symptoms. (4.744-11.632)

1.2(7) 1.7(7) 2.8(2)S 1.832 0.445

Other Information.
(0.379-8.862)

Good malaria knowledge was found to be significantly associated with level of
education, with highest good knowledge on malaria (71.1%; n = 608) seen among
those with tertiary level of educations (p <0.034). Malaria-related knowledge was also
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found to be associated with gender, with a higher proportion of females having good
knowledge (72.1%; n = 470) compared to males (64.3%; n = 305) (p= 0.022).

A statistically significant association was also seen between good knowledge on
malaria and age of the respondents with those within the age range of 21 to 40yrs
having the highest knowledge (72.5%; n = 537) compared to (69.6%; n = 39) and
(59.0%; n = 144) for > 40yrs and 18 to 20yrs respectively (p<0.001). The participant
within the age of 40yrs and above from South Africa has a significantly higher
knowledge of malaria (82.1%; n = 23) compared to those from Nigeria (57.1%; n = 16)
(p=0.042).

A significantly higher proportions of HCPs have good knowledge of malaria (77.5%; n
= 244) compared with (71.3%; n = 448) and (45.5%; n = 87) among the students and
public respondents respectively p<0.001. A significantly higher proportions of HCPs
(88.1%; n = 133) and Students (79.3%; n = 361) from South Africa have good malaria-
related knowledge compared to (68.1%; n = 111) and (50.3%; n = 87) for HCPs and
students from Nigeria respectively (Table 3.10). However, a significantly higher
knowledge level (61.1%; n = 33) was seen among the public respondents from Nigeria
compared to (39.4%; n = 54) in South Africa (p=0.007).

Table 3.10: Malaria-related knowledge distribution across the respondent’s

socio-demographic characteristics.

Characteristics Total % (n) South Africa % (n)  Nigeria% (n) P
Good Poor Good Poor Good Poor value
Overall 68.8(779) 31.2(354) 73.8(548) 26.2(195) 59.2(231) 40.8(159) <0.001
knowledge
score
Gender 0.022
Females 72.1(470) 27.9(183) 76.5(355) 23.5(110) 61.2(115) 38.8(73)
Males 64.3(305) 35.7(169) 69.5(189) 30.5(83) 57.4(116) 42.6(86)
Occupations <0.001
HCPs 77.7(244) 22.2(70) 88.1(133) 11.9(18) 68.1(111) 31.9(52) <0.001
Students 71.3(448) 28.7(181) 79.3(361) 20.9(120) 50.3(87) 49.7(86) <0.001
Public 455(87) 52.5(104) 39.4(54) 60.6(83) 61.1(33) 38.9(21) 0.007
Education 0.034
No schooling 57.9(11) 42.1(8) 28.6(2) 71.4(5) 75.0(9) 25.0(3) 0.048
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Primary 57.1(4)  42.9(3) 40.0(2) 60.0(3)  100(2) - 0.147

Secondary 62.1(149) 37.9(91) 68.3(140) 31.7(65) 25.7(9) 74.3(26) <0.001
Tertiary 71.1(608) 28.9(247) 76.6(401) 23.2(121) 62.2(207) 37.8(126) <0.001
Age category 0.004
18-20yrs 59.0(144) 41.0(100) 63.1(111) 36.9(65) 48.5(33) 51.5(35)
21-40yrs 72.5(537) 27.5(204) 76.9(380) 23.1(114) 63.6(157) 36.4(90)
>40yrs 69.6(39) 30.4(17) 82.1(23) 17.9(5) 57.1(16) 42.9(12)

3.3 Attitudes and Practices on Malaria

This section presents the result obtained from the analysis of participants attitude on

malaria management and preventive practices.

3.3.1 Attitudes on malaria infections and treatment seeking behaviours
Participants were asked if malaria can be prevented and how soon will they seek
treatment after suspecting they have malaria-related signs and symptoms. Out of the
1,144 participants, (93.6%; n = 1,013) said yes malaria can be prevented with an early
treatment, while (6.4%; n = 69) understood that malaria is not a preventable disease,
with (6.3%; n =45) and (6.6%; n = 24) in South African and Nigeria, respectively. There
are almost equal proportions of the participants that believed malaria can be prevented
from both countries (93.7%; n = 672) from South Africa versus (93.4%; n = 341) from
Nigeria (p=0.849).

Within the different study groups, (96.9%; n = 279), (95.7%; n = 581) and (81.8%; n =
151) of the HCPs, students and public indicated that malaria is a preventable disease
(p<0.001). The HCPs (97.9%; n = 139) and public (83.2%; n = 114) from South Africa
shows a slightly higher proportion of knowledge on malaria as a preventable disease
ompared to Nigerian HCPs (95.9%; n = 140) and public (78.0%; n = 39). However, a
slightly higher proportion of the students (95.9%; n = 162) from Nigeria mentioned

malaria is a preventable disease compared to (95.7%; n = 419) from South Africa.

Most of the participants (56.5%; n = 596) said they will seek an early treatment within
24 hours of suspecting they were infected with malaria, while (4.7%; n = 50) said they
will wait till after seven days or more (Figure 3.18). There is a statistically significant
differences on treatment seeking behaviours between the study participants from the

two study countries (p<0.001). A higher proportion of respondents from South Africa
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(59.6%; n = 406) said they will seek treatment within 24 hours compared to (50.8%; n
= 190) from Nigeria. Furthermore, a higher proportion of participants from Nigeria
(6.4%; n = 24) said they will wait for 7 days and longer before seeking treatment

compared to (3.8%; n = 12) from South Africa.
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Figure 3.18: Clustered bar chart depicting the distribution of the participants

malaria treatment seeking behaviours overall and across the study countries.

The majority of those that would seek an early treatment within 24 hours were HCPs
(63.0%; n = 182), while the majority that said they will wait till 7days, or more were
public respondents (10.8%; n = 20). When asked why they will not seek an early
treatment, (5.8%; n = 66) of the study participants said they would use over the counter
medications, while the most dangerous statement was from (0.7%; n = 8) of the study
participants that said they will wait until the symptoms get worse (Figure 3.19). A
statistically significant differences exist on the reasons for not seeking an early

treatment between the two countries (p=0.001).
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Figure 3.19: Simple bar charts showing the reasons provided by the respondents
for not seeking an early treatment.

There were a higher proportion of participants from Nigeria (8.2%; n = 32) that said
they will use over the counter medication compared to (4.5%; n = 34) from South Africa,
while the participants that said they will wait until the symptoms get serious were all
from South Africa. Interestingly out of the eight participants that said they will wait until
the symptoms becomes serious (87.5%; n = 7) were students, while (12.5%; n = 1)
was HCPs.

The treatment seeking behaviour was found to be statistically significant across the
participants level of education (p=0.002), with majority of those with tertiary level of
education willing to go for an early treatment (57.4%; n = 460) compared to (26.3%; n
= 5) of Non schooling participants. Furthermore, a higher proportion of those with only
primary level of education (28.6%; n = 2) and non-schooling (21.1%; n = 4) said they
will wait for 7days or more before they will seek treatment.

The treatment seeking behaviour was also significantly difference across gender
(p<0.001) with more females (59.4; n = 353) preparing an early treatment compared
to males (53.5%; n = 243).

In South Africa a statistically significant differences exist between the treatment
seeking behaviours and gender (0.001) where a significantly higher proportions of
females (65.1%; n = 269) prepared an early treatment compared to males (52.5%; n =
137). In contrast in Nigeria there was no significant differences between the
participants gender and treatment seeking behaviours (p = 0.093), but a slightly higher
proportion of males (54.9%; n = 106) prepared an early treatment compared to females
(46.4%; n = 84).
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The treatment seeking behaviours was also statistically significantly difference across
the participants age groups (p=0.011), the participants within the age of = 40 years

prepared an early treatment compared to those below 40 years of age.

3.3.2 Personal protective measures and previous history of malaria infections

Perticipants were provided with an options on personal protective measures which
include: long lasting insecticide treated treated nets, mosquito repellents, clean
environment and anti- malarial prophylaxis, they were asked to identify the personal
protective measures they knew and also provided with an opportunity to mention more.
Out of the 1,144 participants (81.3%; n = 817) mentioned LLINs as the most reliable
personal protective measure, followed by mosquito repellents mentioned by (73.7%; n
= 741), while the least mentioned personal protetive measure was clean environment
(64.5%;n = 648) (Table 3.11).

More respondents from South Africa mentioned mosquito repellent (82.7%; n = 555)
compared to (55.7%; n = 186) from Nigeria, and there is odds three times more likely
for South African participants to used mosquito repellent for personal protection
compared to participants from Nigeria (OR = 3.120, 95% Cl = 2.415-4.032, p < 0.001);
there is also an odd of almost four times more likely for South African to used
antimalarial prophylaxis for malaria protection compared to participants from Nigeria
(OR =3.722, 95% CI = 2.880-4.809, P<0.001).

Table 3.11:

measures across the study countries.

Distributions of participants perceived personal protective

Characteristics LLINs AL DERT e Rl L
repellents environment prophylaxis
Overal %(n) 81.3 (817) 73.7 (741) 64.5 (648) 67.7 (680)
Nigeria %(n)  82.9 (277) 55.7 (186) 63.8 (213) 45.5 (152)
os/oczlrjt)h Affica g1 5 (540) 82.7 (555) 64.8 (435) 78.7 (528)
1.057 3.120 1153 (0.902- 3.722
0,
OR(%Cl  (0808-1.384) (2.415-4.032)  1.475) (2.880-4.809)
P values 0.684 <0.001 0.256 <0.001
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However there were more respondents from Nigeria that mentioned LLINs (82.9%; n
= 277) compared to (80.5%; n = 540) but the differrence was not significant statistically
(p =0.684) (Table 3.11).

Overall, only 36.5% (n = 387) of the total respondent had personal experience of
malaria infection/s in the past, where the majority were from Nigeria (89.9%; n = 348)
versus 10.1% (n = 39) from South Africa. Furthermore, almost all the respondents from
Nigeria (96.5%; n = 348) had a personal experience of a malaria infection compared
to 5.6% (n = 39) from South Africa (p < 0.001) (Figure 3.20).
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Figure 3.20: Distribution of participants that experienced malaria infection

across the study countries.

3.3.3 Overall attitude Score

The participants’ attitude and practices on malaria was computed by totalling their
scores on the questions that assessed their attitudes towards malaria and their
practices for malaria prevention (Table 2.3). The total score obtainable ranged from 0
to 10, any participants with a score greater than or equal to 50% (= 5/10) of the total
scores obtainable is regarded as having a good attitude, while those with a score less

than 50% (0O to 4/5) of the total scores obtainable is regarded as having a poor attitude.

Out of the 1,144 respondents, (56.6%; n = 648) demonstrated a good attitude on
malaria with a statistically higher proportion of participants from South Africa (61.8%;
n = 465) that have good atittude on malaria compared to (46.7%; n = 183) from Nigeria
(p < 0.001) (Figure 3.21). The attitude score was associated with participants gender,

educational status, occupational status and age (Table 3.12).
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Figure 3.21: Clustered bar charts depicting the attitude scores of respondents

(Total and across the study countries).

Table 3.12: Cross tabulation of respondent attitude score across socio-

demographics.

Characteristics Good Poor P value
Gender 0.014
Male 51.8(249) 48.2(232)

Female 60.4(396) 39.6(260)

Educational status <0.001
No schooling 15.0(3) 85.0(17)

Primary 25.0(2) 75.0(6)

Secondary 50.0(121) 50.0(121)

Tertiary 60.2(518) 39.8(343)

Occupational status <0.001
HCPs 62.9(198) 37.1(117)

Students 61.8(390) 38.2(241)

Public 30.3(60) 69.7(138)

Age 0.002
18-20yrs 48.8(120) 51.2(126)

21-40yrs 60.9(454) 39.1(292)

>40yrs 49.1(28) 50.9(29)
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The HCPs from South Africa (76.2%; n = 115) demonstrated a statistically higher level
of good attitude on malaria compared to (50.6%; n = 83) of HCPs from Nigeria (OR =
3.117. 95%Cl = 1.922-5.056, P < 0.001). Furthermore, a statistically higher proportion
of students from South Africa (67.9%; n = 311) have good atittude on malaria
compared to (45.7%; n = 83) from Nigeria (OR = 2.517, 95%CIl = 1,760-5.056, P <
0.001). However, there is higher proportion of public respondents from Nigeria (38.2%;
n = 21) with good attitude score compared to (27.3%; n = 39) from South Africa but the
difference was not significant statistically (OR = 0.607, 95%CI(0.315-1.171, p = 0.135)
(Figure 3.22 and 3.23).
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Figure 3.22: Attitude scores from different occupations and gender of Nigerian

respondents.
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Figure 3.23: Attitude scores from different occupations and gender of South

African respondents.

3.3.4 Mosquito repellents usage, commonly used products and reported side
effects

The participants were asked if they have ever used mosquito repellents and if yes, can

they remenber the products they have used and if they have ever experienced any

side effects associated with repellents used.

In general there was a total of (82.1%; n = 883) of the study participants that used
mosquito repellents in the past and there were slightly more participants in Nigeria
(84.5%; n = 3095) that used mosquito repellents compared to (80.8%; n = 578) from
South Africa, but the difference was not statitistically significant (p = 0.141) (Figure
3.24).

83



90 ~ 4,
84.5(305) 80.8(578) 82.1(883)

80 H

70 A

60 -

50 A

40 A

30 4

% of repellent usage

15.5(56) 19.2(137) 17.9(193)

mEN

YES NO

20 A

10 A

H NIGERIA mSOUTH AFRICA m TOTAL

Figure 3.24: Distributions of Repellent use among the study participants from

Nigeria and South Africa.

A statistically significant differences on repellent usage and participant occupations
was seen (p < 0.001) and a higher proportions of South African HCPs (88.0%; n = 125)
and students (83.8%; n = 362) reported repellents usage compared to (84.6%; n = 126)
and (83.4%; n = 136) from their Nigerian counterpart. However, a shift was noticed
among the public respondents where a higher proprtion of the Nigerian public 87.8%
(n = 43) reported using mosquito repellent compared to (64.5%; n = 91) among the
South African public (Figures 3.25 and 3.26).

The repellent usage was also statistically different across the participant gender
between the two contries (p = 0.027). More proportions of males (84.9%; n = 157) than
females reported using mosquito in Nigeria. While in South Africa a reverse was seen
where more females (85.0%; n = 374) reported using repellent than males (Figures
3.27 and 3.28).
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Figure 3.25: Clustered bar chart depicting the distributions of repellents use

from Nigerian participants based on different occupations and gender.
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Figure 3.26: Clustered bar chart depicting the distributions of repellents use

from South African participants based on different occupations and gender.

The most commonly used repellents products was Peaceful Sleep™ (62.4%; n = 469),

while the least used products was No-squito™ used by (2.28%; n = 21) of the
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participants (Table 3.13). With regards to the repellents side effects, overall (27.2%; n
= 277) of the respondents said they have previously experienced side effects from
mosquito repellents and a significantly higher proportions of Nigerians (55.0%; n=191)
reported side effects from mosquito repellents compared to (12.8%; n = 86) from South
Africa (p < 0.001). The commonly reported repellents associated reactions such as
itching and a stinging sensations experienced by (41.2%; n = 93) of the participants
(Table 3.13) .

Table 3.13: Distributions of participants repellents product used and reported
side effects.

Characteristics Frequency (n) Percentage (%)

Repellent product used

Peaceful sleep 469 62.4
Tabard 296 39.4
Moz-free 33 4.4
No-squito 21 2.8
Raid 4 0.3
Mosquito coils 173 23.0
Morten spray 93 12.4
Citronella oil candle 3 0.3
Anti-mozzie 2 0.2
Doom 4 0.3
Vinegar 1 0.1
Burning of egg cordbox 1 0.1
Aloe water 1 0.1
Reported Side effects

esaesen
Rashes 54 23.9
Pain 20 8.8
Other reactions 67 29.6
Can’t remember 25 11.1
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3.3.5 Attitudes on prescribed antimalarial medications and commonly used
antimalarial agents
Participants were asked if they have ever used antimalarial medications, a wide range
of options were provided for easy identification, the options provided include:
Coartem™, Quinine, Fansidar™, Artesunate, P-Alaxin, Camosunate and an option to
indicate others if any of the provided options does not apply. For those that have used
the antimalarial medications, they were further asked if they often completed the
medications and if not to indicate the reasons for not doing so. The options provided

”

as a reason for not completing the medications included “due to the side effects”, “I

” o«

have recovered”, “do not like the medications” and “I cannot remember the reason”.

The two most used antimalarial medications reported from the total of 1,144
participants were Coartem™ (56.7%; n = 278) and Quinine™ (27.6%; n = 135); with the
least used medication being Camosunate™ (7.6%; n = 37). There were more
respondents from Nigeria that used Coartem™ (68.7%; n = 222) compared to (33.5%;
n = 56) from South Africa, with odds that South Africans were four times less likely to
use Coartem™ compared to Nigerian respondents (OR = 3.990, 95%Cl = 3.150 - 5.054,
P <0.001).

However, the use of Quinine™ was higher among the respondents from South Africa
with (61.7%; n = 103) compared to (9.9%; n = 32) from Nigeria, with an odd ration that
almost twice as many South Africans are more likely to use quinine compared to the
respondents from Nigeria (OR= 1.505, 1.100-2.060) (Table 3.14).

When asked whether they always completed the prescribed antimalarial medications,
only (19.8%; n = 153) said no, while (80.2%; n = 620) said yes, they always completed
the medications as prescribed. Interestingly, an equal proportion of participants from
South 80.2% (n = 328) and Nigeria (80.2%; n = 292) mentioned they always completed
their medications as prescribed (p = 0.993) (Figure 3.27).

Overall, the most common reason for not completing the medications was because
they have recovered (40.3%; n = 60). A statistically higher proportion of Nigerians
discontinue their drug because they have recovered compared to South Africans
(p<0.001). There was an odds ratio that Nigerian respondents were twice as likely to
discontinue their medications because they have recovered compared to South African
respondents (OR =2.192, 95%CI = 1.340 - 3.587) (Table 3.14).
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Table 3.14: Commonly used antimalarial agents, Attitudes on prescribed

antimalarial, Reasons for not completing the Medications and Reported Side

effects
South S
Characteristics oOveraII Africa E‘ 'gena  or (95%Cl) P value
%(n) 0 %(n)
%o(N)

68.7 3.990
Coartem 56.7 (278) 33.5(56) (222) (3.150-5.054) <0.001
Quini 1.505

uinine 27.6 (135) 61.7(103) 9.9 (32) (1.100-2.060) 0.006

Fansidar 18.2(89) 12.0(20) 21.4(69) (32'0(?55_4 551) <0.001

38.1 2.799
Artesunate 33.9 (166) 25.7 (43) (123) (2.158-3.630) <0.001
P-alaxin 13.3(65) 12.6(21) 13.6 (44) (21'0‘?771_2 oge) <0001
Camosunate 76@37)  18(3) 10.5 (34) ?2'35‘158_2 4708 <0001
Reasons for not completing the medications
Due to the side 1.503
offects 18.1(27) 27.0(20) 11.5(7) (0.630-3.585) 0.355
Ih 2.192

ave recovered 40.3(60) 37.8(28) 52.5(32) (1.340-3.587) 0.001

Don'’t like the 3.160
medications 30.2(45) 23.0(17) 45.9 (28) (1.751-5.701) <0.001
| can’t remember 11.4(17) 21.6 (16) 1.6 (1)
Commonly reported side effects
Vomiting 32.9(98) 34.1(46) 31.9(52) <0.001
Headache 22.8(68) 28.1(38) 18.4(30) 0.078
Abdominal pain 10.7 (32) 17.8(24) 4.9 (8) 0.263
Dizziness 26.5(79) 29.6 (40) 23.9(39) 0.003
Anorexia 10.1 (30) 8.1 (11) 11.7 (19) 0.001
Nausea 27.5(82) 33.3(45) 22.7(37) 0.032
Can’t remember 30.2(90) 36.3(49) 25.2(41)
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3.3.6 Commonly used antimalarial chemoprophylaxis

The respondents used on three common antimalarial chemoprophylaxis approved for
malaria prevention was assessed. These include: mefloquine, doxycycline and
atovaquone-proguanil. The participants were asked if they have ever used any of these
medications for malaria preventions, in addition to ascertain the appropriateness of the
prescription in pregnancy, the female participants were further asked if they have used
any of these prophylaxis during pregnancy. The most reported antimalarial prophylaxis
used was doxycycline (8.0%; n = 91), while the least used antimalarial prophylaxis was
atovaquone- proguanil (5.1%; n = 58) (Figure 3.27).

The antimalarial chemoprophylaxis used differs across the study countries. A
statistically higher proportion of Nigerian respondents used doxycycline (11.2%; n =
44) compared to South Africans (6.3%; n = 47) with twice as many Nigerians likely to
report using doxycycline for malaria prophylaxis compared to South African
respondents (OR = 1.796, 95%CIl = 1.213 - 2.659, p=0.003). The mefloquine (p =
0.893) and atovaquone proguanil (p = 0.051) use was not statistically difference across

the two study countries (Figure 3.27).
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Figure 3.27: Antimalarial prophylaxis use among the study participants (total

and study countries).

3.4 HCPs Knowledge on Management of Malaria
One of the objectives of this study was assessment of the knowledge of HCPs on

malaria management and their adherence to the malaria treatment guidelines in their
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countries. In this section the knowledge of the HCPs on the management of malaria
and their adherence to the malaria treatment guidelines was analysed and compared

between the two study countries.

3.4.1 Knowledge on malaria diagnosis

A series of options on commonly used malaria diagnostic methods were provided to
the HCPs and they were asked to identify the methods that can be used for malaria
diagnosis. The options provided include history and clinical examination, microscopy,

and rapid diagnostic test (RDT).

From the total of 315 HCPs, the most known malaria diagnostic method was
microscopy (74.0%; n = 233). The HCPs knowledge on malaria diagnostic methods
does not differ significantly across the two countries, except for the RDT which was
mentioned by higher proportions of HCPs from South Africa (78.8%; n = 119)
compared to (68.9%; n = 113) from Nigeria. With an odd ratio of almost twice as many
HCPs from South Africa mentioned RDT as a malaria diagnostic method compared to
HCPs from Nigeria (OR = 1.678, 95%, Cl = 1.006 - 2.799, P = 0.046).

The knowledge of history and clinical examination (p = 0.168), and microscopy (p =
0.395) does not differ significantly between the two countries (Figure 3.31). Out of the
315 HCPs (60.0%; n = 189) knew all the three diagnostic methods, with almost an
equal proportion of HCPs from Nigeria (50.3%; n = 95) and (49.7%; n = 94) from South
Africa that mentioned all the three diagnostic methods (Figure 3.28).

The knowledge of all the three malaria diagnostic methods were statistically different
between the health care cadres in this study, with p values of 0.043, <0.001 and =0.001
for history and clinical examination, microscopy and RDT, respectively. The Doctors
demonstrated higher knowledge on all the malaria diagnostic methods compared to
other HCPs cadres (Figure 3.29).
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Figure 3.28: Distributions of HCPs Knowledge on Malaria Diagnostic Methods.
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Figure 3.29: Knowledge of diagnostic methods by different HCPs occupations.

3.4.2 Knowledge on first line treatment of an uncomplicated and severe malaria

The HCPs were provided with a list of antimalarial medications and asked to identify
the first line therapy approved for the management of malaria in their countries.
Regarding the therapy of an uncomplicated malaria, the options provided include oral
quinine, artemether-lumefantrine, primaquine, artesunate and mefloquine. While for
the therapy of severe malaria the options provided include Intravenous (1.V) quinine,

[.V artesunate, Intramuscular (I.M) artemether and I.M chloroquine.

Out of the 315 HCPs, (67.4%; n = 201) correctly identified artemether-lumefantrine as

the first line therapy for an uncomplicated malaria (Figure 3.32); while (61.1%; n =181)
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correctly mentioned intravenous artesunate as the first line therapy for the treatment

of severe malaria (Figure 3.30).
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Figure 3.30: Distribution of heath care providers knowledge on the first line

therapy for an uncomplicated malaria.

The HCPs knowledge of first line therapies were statistically different between the
study countries with p values of < 0.001 for both uncomplicated and severe malaria.
There were higher proportions of HCPs from Nigeria (78.8%; n = 123) and (66.7%; n

104) with knowledge of an uncomplicated and severe malaria, respectively,
compared to (54.9%; n=78) and (55.0%; n = 77) for uncomplicated and severe malaria

from South Africa respectively (Figure 3.31).
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Figure 3.31: Distribution of HCPs knowledge on the first line therapy for severe

malaria.

The HCPs knowledge on correct prescriptions of Coartem™ based on patients weight
were statistically difference between the two countries for the patient weighing 5 to <
15kg (OR = 1.990, 95%CI = 1.383 - 2.863, p < 0.001), 15 to < 25kg (OR = 2.160,
95%CI = 1.445 - 3.230, p<0.001), 25 to < 35kg (OR = 1.907, 95%CI = 1.287 - 2.826,
P =0.001) and > 65kg (OR = 1.556, 95%CI = 1.040 - 2.327, p = 0.028) with HCPs from
Nigeria having an odds of almost two times to correctly prescribed Coartem™ for an
uncomplicated malaria compared to HCPs from South Africa (Figure 3.32).
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Figure 3.32: Distributions of HCPs knowledge on correct ACTs (Coartem™)
regimen based on patients’ weight.

For correct intravenous artesunate prescriptions for severe malaria, a shift was seen
between the two countries. More correct prescriptions were obtained from South
African HCPs with (12.6%; n = 19) for patient weighing > 20kg and (6.6%; n = 10) for
patient weighing < 20kg, compared to (7.3%; n = 31) and (6.1%; n = 10) from Nigerian
HCPs for patient weighing > 20kg and < 20kg, respectively, (p values of < 0.001 and
= 0.001 for > 20kg and < 20kg, respectively) (Figure 3.33 and 3.35).
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Figure 3.33: Distributions of intravenous artesunate prescriptions for severe
malaria for patient weighing greater than 20kg.
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Figure 3.34: Distributions of intravenous artesunate prescriptions for severe

malaria for patient less than 20kg.

For the preferred medications for management of severe malaria based on personal
preference from years of clinical experience a statistically significant differences were
noticed between the two countries (p < 0.001). A higher proportion of HCPs from
Nigeria preferred the approved medication (artesunate) (69.8%; n = 97) compared to
those from South Africa (54.5%; n = 73) (Figure 3.35).
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Figure 3.35: Distributions of HCPs prepared medications for the management of

severe malaria based on clinical experience.

3.4.3 HCPs knowledge on the correct regimen for antimalarial prophylaxis

medications

The HCPs participants were provided with a series of questions about the antimalarial
prophylaxis to ascertain their basic knowledge on the chemoprophylaxis for malaria
prevention and the prescriptions regimen based on the current Nigerian and South
African malaria prevention guideline (SADOH, 2018; CDC, 2021). Regarding the
nationally approved antimalarial prophylaxis six options were provided which included:
doxycycline, artesunate, atovaquone-proguanil, artemether-lumefantrine, mefloquine
and quinine. They were also asked about the recommended prophylactic regimens of
the approved medications and which of the approved medications can be or cannot be

used in pregnancy.

Mefloquine has a set of contraindications that need to be considered before it can be
prescribed, these contraindications include history of epilepsy or psychiatric illness,
past severe reactions to mefloquine, infant weighing less than five kilograms and
underlying cardiac disturbances or arrhythmias (SADOH, 2018; CDC, 2021), the HCPs
knowledge on these contra indications related to the use of mefloquine were also

assessed.

Among the total of 315 HCPs, the most known antimalarial prophylaxis was

atovaquone-proguanil (34.3%; n = 108). The most known malaria chemoprophylaxis
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among the South African HCPs was doxycycline (57.6%; n = 87), while atovaquone-
proguanil (22.6%; n = 37) was the most known chemoprophylaxis among the HCPs
from Nigeria. A statistically higher proportions of HCPs from South Africa
demonstrated good knowledge on malaria chemoprophylaxis compared to HCPs from
Nigeria. The p values were < 0.001 on all the three chemoprophylaxis. The HCPs from
South Africa were three to 23 times more likely to mention malaria chemoprophylaxis
compared to HCPs from Nigeria. Also, only (1.8%; n = 3) HCPs from Nigeria mentioned
all the three-malaria chemoprophylaxis compared to (23.8%; n = 36) from South Africa
(Table 3.15).

Table 3.15: Knowledge of HCPs on antimalarial prophylaxis across the study

countries.

. Total Nigeria South Africa o
Prophylaxis %(n) %(n) %(n) OR (95%Cl) P values
Doxycycline  30.5(96)  5.5(9) 57.6 (87) ig-glg) (11.109- 4 901
Qto"aq“?”e' 34.3(108) 22.6(37)  47.0(71)  3.046 (1.874-4.953) <0.001
roguanil

Mefloquine ~ 29.8(94) 11.6(19)  49.7(75)  7.531 (4.239-13.382) <0.001

Mentioned all

el 12.4 (39) 1.8(3) 23.8(36)  16.800 (5.051-55.882) <0.001

With regards to the correct regiments of malaria chemoprophylaxis, there was still a
statistically higher proportion of South African HCPs demonstrating good knowledge
on prophylaxis regimen of all the three medications compared to HCPS from Nigeria
viz: doxycycline (OR=4.954, 95%CI=2.714-9.042, p<0.001), Mefloquine (OR=2.203,
95% CI1=1.385-3.502, p=0.001) and atovaquone-proguanil (OR=3.071, 95%CI= 1.849-
5.102). These data indicated that the South Africans were two to four times more likely
to give a correct regimen of malaria chemoprophylaxis compared to HCPs from Nigeria
(Figure 3.36). Furthermore, a statistically higher proportions of HCPs from South Africa
demonstrated good knowledge on contraindications to the use of mefloquine

compared to those from Nigeria (p<0.001) (Figure 3.37).
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Figure 3.36: Distributions of the HCPs correct prescriptions regimen of an

antimalarial chemoprophylaxis
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Figure 3.37: HCPs knowledge on the different contraindications to the use of

mefloquine.

3.4.4 Assessment of the HCPs sharing of malaria-related information
Out of the 315 HCPs, (72.9%; n = 199) said they always educated their malaria positive
patients on malaria-related information; with a statistically higher proportion of HCPs
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from Nigeria (81.9%; n = 118) reporting that they educate their patients compared to
62.8%; n = 81 from South Africa (p < 0.001) (Figure 3.38).
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Figure 3.38: Distributions of malaria-related information sharing by HCPs across

the study countries.

The two most common information shared by the HCPs were uncomplicated malaria
positive patient to return to the hospital at any time if deteriorating (45.1%; n = 142)
and adherence to medications (44.8%; n = 141) (Figure 3.39).
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Figure 3.39: Types of malaria-related information shared by HCPs.
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3.5 Market and Online Survey

3.5.1 List of mosquito repellents obtained from the market and online survey
An online and market surveys were conducted to ascertain and document the different
insect repellent products that were available in Johannesburg, South Africa. The
market survey was conducted in mall, pharmacies, street stalls, warehouses, and
supermarkets within Johannesburg, as well as an online search using three different
search engines. A total of 92 different repellent products were documented (Table
3.16), including (22.8%; n = 21) from the market survey (Table 3.17) and (77.2%; n =
71) from an online search. The cost of these repellents ranged from a minimum of
R12.49 to a maximum of R1,252.57 with a median cost of R99.00 (IQR= R52.21-
R621.10). ANOVA test indicated a statistically significant differences between the
means of the market and online cost of the repellents (p < 0.001). Only (59.8%; n =
55) of the surveyed products were approved in South Africa, while the certification of
(40.2%; n = 37) of the products were not specified.

3.5.2 Active ingredients of the surveyed repellent products

The commonly found active ingredient was citronella oil (33.3%; n = 32), followed by
lemon grass oil (16.7%; n = 16) with DEET found in only (7.3%; n = 7) of the products.
For some of the products the active ingredients were not specified and (28.1%; n = 27)
were said to contain natural plant products. A total of (13.5%; n = 13) products were

electrically powered that used either ultraviolent light or sound waves (Figure 3.40).
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Figure 3.40: Active ingredients found in the survey repellent products.
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Table 3.16: Repellents/ insecticide products obtained from an online survey.

S/
N

SYNTHETIC PRODUCTS

Name

Doom -Destroyer
1 Mosquito Room
Spray

Mortein-Multi Insect
2 Killer

Peaceful Sleep
3 Mosquito Room
Spray

W4W Mosquito
4 Repellent Coils -
Stands)

Repel Permethrin
5 Clothing & Gear
Insect Repellent

Repel Sportsmen
6 Max Aerosol Insect
Repellent

Robosol Auto Insect
Control

Sawyer Products
8 Premium Insect
Repellent

Manufacturer/
Supplier

Tiger Consumer
Brands

Reckitt
Benckiser South
Africa

Tiger Consumer
Brands Limited.

Ubuy

Repel

Repel

Takealot

Ubuy

Ingredients &
Duration of Action

D-Phenothrin (Pyrethroid)

0.92 g/kg,

Imiprothrin (Pyrethroid) 0.25 g/kg,
Prallethrin (ETOC) (Pyrethroid)

0.4 g/kg,

Allethrin (2.09 g/kg) and

Resmethrin (0.39 g/kg)

DEET
8 hours

Pyrethroid

Permethrin
Up to 4 weeks

DEET

Pyrethrum

Picaridin

Cost Repellent
Image

(Rand)

33.99

27.99

46.99

335

248

568

989.00

260

Certificatio
nin S.A

Yes

Yes

Yes

Yes

Yes

Yes

Not specified

Yes

Reference

Clicks+,
2020a

Clicks+,
2020b

Clickss+,
2020d

UBUY, 2020c

REPEL,
2020b

REPEL,
2020c

Takealot,
2020b

UBUY, 2020b
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10

Smart Voetsek Fly
Repellent

Tabard Fabric guard
insect repellent

NATURAL PRODUCTS

S/
N

Name

Ananta Luxury Hand
Rolled Incense -
Citronella

Badger Anti Bug
Balm Travel Size

Biogrow Bioneem
insect repellent

Biogrow Vegol
Organic Insecticide

Midfeed Stack 'n
Togs

Tabard

Manufacturer/Su
pplier

Faithful to
Nature

Faithful to
Nature

Faithful to
Nature

Faithful to
Nature

DEET, Targetes and Eucalyptus

Permethrin

Ingredients &
Duration of Action

Citronella, Natural Gums, Resins,
Herbs, Spices, Essential Oils

Citronella,

Pelargonim,

Cedrus Atlantica (Cedar),
Lemongrass,Rosemary,,
Geranium.

1500ppm Azadirachtin.

Canola oil, Emulsifier.

1252.57

Cost
(Rand)

39.50

125.00

195.00

101.00

Repellent
Image

Yes

Yes

Certification
in S.A

Not specified

Yes

Not specified

Not specified

Mid
Feedstack 'N
Togs, 2020

Tabard, 2020

Reference

Faithful to
Nature,
2020a

Faithful to
Nature,
2020b

Faithful to
Nature, 2020

Faithful to
Nature,
2020e
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10

11

12

Bugger Off Body
Spray

Bugger Off Soap
100g

Citro Lotion 125ml

Citro-cream

Coghlan’s Citronella
Candle

Dis-Chem Citronella

Oil 20ml

Earthsap Bugs
Away Roll-On

EFEKTO -100mi
mole repellent

Cape Union
Mart

Cape Union

Mart

Dischem
Pharmacy

Dischem
Pharmacy

Outdoor
Warehouse

Dischem
Pharmacy

Faithful to
Nature

Game

Tagetes oil

Natural glycerine product

Citronella

Cironella Oil and Lemon Grass

Citronella

CITRONELLA

Grapeseed/ soybean oil,
vegetable, glycerine, mint oil,
lemongrass oil, citronella, oil,
camphor oil, clove oil and
eucalyptus oil.

Natural plant products

75.00

35.00

52.95

37.95

115.00

26.95

50.00

149.99

Not specified

Not specified

Yes

Yes

Yes

Yes

Yes

Yes

(CapeUnionm
art, 2020a)

(CapeUnionM
art, 2020b)

(DISCHEMP
HARMACY,
2020b)

(DISCHEMP
HARMACY,
2020a)

OutDoor
Ware, 2020a

(DISCHEMP

HARMACY,
2020c)

Faithful to
Nature, 2020f

Game, 2020a
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13

14

15

16

17

18

19

20

Essentially Natural
Citronella Ol

ever Tree Fly and
Mosquito Repellent
2509

Greenerways
Organic Insect
Repellent

Greenerways
Organic Mosquito
Repellent Zone -
New Improved
Formula

HHL Vital
Protection

Essentially Natural
Bug Off! Insect
Repellent

Just Pure Natural
Insect Repellent

KiddieKix Bugz Off
Insect Repellent

Essentially
Natural

OutDoor
Warehouse

Ubuy

Greenerways
Organic

Cape Union
Mart

Essentially

Natural

Faithful to
Nature

Faithful to
Nature

Citronella

Natural oil products

Natural products

Natural products

Natural products

Cedarwood oil, Citronella oil,
Eucalyptus oil, Grape Seed oil,
Lemongrass oil, Peppermint oil.

rose geranium, Aqua, sesame oil,
essential oils of Cedarwood, lime,
sorbitol, alcohol.

lemongrass, Rose,, cedarwood,
smithi , geranium and Lippia
Javanica and eucalyptus,

39.00

99.00

494.00

514.00

125.00

69.00

136.00

80.00

B

T

2

b

» wf E

Yes

Yes

Not specified

Not specified

Not specified

Yes

Not specified

Not specified

Essentially
Natural,
2020b

OutDoor
Warehouse,
2020b

UBUY, 2020a

Greener
Ways
Organic,
2020

Cape Union
Mart, 2020b

Essentially
Natural,
2020a

Faithful to
Nature,
2020g

Faithful to
Nature,
2020h
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21

22

23

24

25

26

27

28

Lifetrek Mosquito
Band Kids

Mortein Natural
Guard Insect Control
System

Mosquito Guard
Repellent Stickers/
Patches for Kids

Mosquito repellent
cream

Mosquito repellent
spray

Murphy’s Naturals
Mosquito Repellent
Sticks

Natural Orange
Household Insect
Repellent

No-Bite-Me Soap
and Creme

OutDoor
Warehouse

Reckitt
Benckiser

Modern Day
Products

Proguard
Natura

Proguard
Natura

Murphy's
Naturals Inc.

Faithful to
Nature

Pc link
computers

Natural Products
6hours.

Citronella
4 weeks

Rosemary, Peppermint, Citronella,
Lemongrass, and essential oils.

Natural Products

Natural Products

Citronella, Rosemary, Cedarwood,
Lemongrass, Essential Oils,
Peppermint and Bamboo

Aqua, Eucalyptus Oil, Orange Oil,
Lemongrass Oil and Emulsifier

All-natural products

79.00
98.99
387 T
64.99 -
A
H
74.99 =
®-
N
256.00
106.00
\;'\
913.00 el

Not specified

Yes

Not specified

Not specified

Not specified

Yes

Not specified

Yes

OutDoor
Warehouse,
2020d

Clicks+,
2020c

Modern Day
Product, 2020

Proguard
Natura, 2020

Proguard
Natura, 2020

Murphy's
Naturals,
2020

Faithful to
Nature, 2020i

PCLinksCom
puters, 2020
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29

30

31

32

33

34

35

36

Onguard Pump
Spray 150mi

Pannatural Pets
Anti-Bug Spray

Pigeon Anti
Mosquito Baby
Wipes

Purity & Elizabeth
Anne's Baby Insect
Repellent Cream

Purity & Elizabeth
Anne's Baby Insect
Repellent Spray

Reitzer

Camp/Outdoor Soap

Rep.Umbrella -
Citronella Oil 1.5L

Repel Lemon
AEROSOL
Eucalyptus Insect
Repellent

Avid Brands

Faithful to
Nature

Dischem
Pharmacy

Dischem
Pharmacy

Dischem
Pharmacy

Takealot

Game

Repel

Chyrysanthenum Cinaeriafolium
and Azadirachta

Citronella Qil,
Vegetable,Eucalyptus Oil,
Sunflower Oil,Glycerine, Tagetes
minuta, Lemongrass Oil, and
Peppermint Qil

Natural products

Natural products

Natural products

Glycerine and Citronella

Citronella

Eucalyptus

69.00 1

70.00

59.95 S

49.95 =
-
|

59.95 <

47,00

149.00

-
625 %

Not specified

Yes

Not specified

Not specified

Not specified

Yes

Yes

Not specified

AVIDBRAND
S, 2020

Faithful to
Nature,
2020k

(DISCHEMP
HARMACY,
2020e)

(DISCHEMP
HARMACY,
2020f)

(DISCHEMP
HARMACY,
2020g)

Takealot,
2020a

Game, 2020d

REPEL,
2020a
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37

38

39

40

41

42

43

44

Republic Umbrella
Citronella Mosquito
Repellant Candle

Republic Umbrella
Citronella Table
Lamp

Republic Umbrella
Mosquito Guard

Riddex Plant Seeds
Mosquito Repelling
Grass

Sea to Summit
Citronella

Soylites Coconut
Candle Insect
repellent blend

Tabard Candle
Small 1209/240g

Tabard Citronella
Night Lights 18'S

OutDoor
Warehouse

OutDoor
Warehouse

DISCHEM
PHARMACY

NewChic

Cape Union
Mart

Faithful to
Nature

OutDoor
Warehouse

Acron Group

Citronella

Citronella

Natural products
5hours

Riddex plant Grass

Citronella

Coconut, non-toxic fragranced
candle, and vegetable wakx,

Citronella

Citronella

89.00

169.00

59.95

7217

99.00

165.00

69.00

169.99

Yes

Yes

Yes

Not specified

Yes

Not specified

Yes

Yes

OutDoor
Warehouse,
2020e

OutDoor
Warehouse
2020f

DISCHEMPH
ARMACY,
2020e

Newchic,
2020

(CapeUnionM
art, 2020b)

Faithful to
Nature, 2020l

OutDoor
Warehouse,
2020h

Clicks+,
2020f
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45

46

No

Tabard Stick 30ml

Wild Basil &
Lemongrass
Mosquito Repellent

Name

OutDoor

DEET

Warehouse

Faithful to
Nature

Botanical extracts of African basil,
lemongrass Thyme, Camphor,

Litsea cubena and Lavender

Manufacturer/
Supplier

ELECTRONICS PRODUCTS

Elektra Anti Mozz
Lamp

Fever Tree Non-
Toxic Liquid Plug-in
Combo Pack

HOMEMARK
Ultrasonic Insect
Repeller

LED Mosquito
Repellent Globe

Leisure quip - usb
rechargeable
mosquito killer with
led light

Dischem Pharmacy

OutDoor Warehouse

Game

Future Light

Game

Ingredients &
Duration of Action

UV Light

Natural Products

UV Light

Produces a wavelength of
light disliked by mosquitos
and other insects.

UV Light

69.00

180.00

Cost
Rand

309.95

199.00

299.00

139.00

299.99

Repellent

Image

Yes

Yes

Certificatio
nin S.A

Not specified

Not specified

Not specified

Not specified

Not specified

OutDoor
Warehouse,
2020i

Faithful to
Nature, 2020

Reference

(DISCHEMP
HARMACY,
2020d)

OutDoor
Warehouse,
2020c

Game, 2020b

Future Light,
2019

Game, 2020c
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10

11

12

13

14

15

New Intelligent
Ultrasound Artifact
Mosquito Repellent
Non-Toxic UV
Mosquito Killer
Lamp Insect Trap

Radius Zone
Mosquito Repellent

Raid Electric
Diffuser

Sothing Cactus
Mosquito Killer and
Repellent

Ugreen USB
powered Mosquito
Repellent

Ultrasonic Mosquito
Repellent Bracelets

Ultrasonic Mosquito
Repellent

USB Charging
Electric mosquito
Repellent

UV Light Pest
Repeller

Light In the Box

Gearbest

Want-it-all

SC Johnson & Son

Makro

Loot

Bluetooth Mouse
Tech

Newchich

Banggood

Banggood

Ultra-sonic sound

Non-Toxic UV light

UV light

Transfluthrin

360° UV Violet Light

Electric Mosquito Killer

UV light
Multi frequency Ultrasonic

sound

Electric Mosquito Repellent

Ultra-violent light

161.87

284.46

1965

44.99

599

105

457.32

235.19

162.21

106.26

'@ o =

Not specified

Not specified

Not specified

Yes

Not specified

Not specified

Not specified

Not specified

Not specified

Not specified

Light In The
Box, 2019

Gearbest,
2014

Wantitall,
2020

Clicks+,
2020e

Makro, 2019

Loot, 2019

Bluetoothmou
setech, 2020

Newchic,
2019

Banggood,
2006

Banggood,
2018
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Table 3.17: Repellent products obtained from the market survey.

Name Ingredients Method of Application Manufacturer Approval
MOz FREE e Fower ol COMAFRICA
Mosquito g " To be applied lightly on the skin. Products of South Yes
Eucalyptus Globulus Leaf oil, and .
Repellents _ _ Africa
Citronella oil.
Plant oils, Nut oils, and Orange DEET free to be applied all over the body G &R traders in South
No Squito Lotion , g PP y ) Yes
oils. as frequently as needed Africa.
Tabard. E.ach 1g cont?ins 195mg of Apply lightly, e.venly, and completely to Acorn products Yes.
diethyltoluamide DEET) all exposed skin, except eyes and mouth.
Apply frequently to the entire area of the
Peaceful Sleep Each 1,0 g cream contains skin to be protected, do not apply tothe  Tiger Consumer Yes
cream Diethyltoluamide 250,0 mg mouth, eyes and hands of young Brands Limited.
children.
Peaceful Sleep , ,
stick DEET 10.5¢g Apply lightly to exposed skin Adcock Ingram Yes
Mortein power . . .
. 20.15g/I d-trans Allethrin75/25 - Reckitt Benckiser
Gard liquid i To be plug to the source of electricity. i Yes
_ pyrethroid) South Africa
(electrical gadget)
T I heat resistant surf.
Citronella candle Paraffin, Citronella 0 be p_ace_d on aheat resistant surrace Klicks+ Yes
before lighting the candle
Each 150mls container contains
All natural 750mg of Chrysanthenium To be apply on the whole skin. Includin
NGUARD insect >umg of LTy _ PPY ' 9 Avid Brand SA Yes
repellent cream cineriaefolium extract and 6900mg  infant
P of Azadirachta indica seed extract.
T ly to the ski ft Reit
Anti-Mozzie cream  Citronella and lemon grass oils 0 be apply to the skin as often as enzer Yes

required

pharmaceuticals
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Mosquito guard

Republic-umbrella in

il of | lypt tract Apply all the ski Y
cream Oil of lemon eucalyptus extrac pply all over the skin SA es
Name Ingredients Method of Application Manufacturer Approval
MEDIC i t Apply to th kin wh
C insec Citronella oil pply to the exposed skin when Medic + self-care Yes
repellent cream necessary.
. Water, natural extracts, flavourist Shake bottle well and spray on the skin
Mosquito spray ) , So pure Naturally Yes
and sodium benzoate and hair
No fly repellent Citronella oil Two candle per pack for lightning No Fly candles cc Yes
, _ Citronella oil, hydrogenated Castor
Bennett's Mozzie . ; . . . .
stick oil, Lavender oil, Lemon grass oil, Apply to the skin, mainly for babies Bennetts Brotherscc  Yes
Zinziba oil,
Pure beginni Cit lla, | bush, lypt Shak d to th d bod .
ure beginning itronella, lemon bush, eucalyptus ake and spray to the exposed body Pure beginning Yes
spray neem and lemon areas
Mylol perfumed Citronella oil, Cymbopogon nardus, ,
y p Y p g Apply lightly on exposed body surface .
mosquito repellent  propylene glycol, sodium ) , Rolfe laboratories Yes
, , including face.
stick metabisulphate.
Attach the adhesive patch to your cloths
Mosquito patch Citronella oil 15%m/m _IV P you Life Trek Yes
and nearby locations
Clicks Citronella Aqua, citronella oil, Cedrus deodra . . .
i ) ) Use wipe over exposed areas, avoid face Clicks group Yes
kids wipe oil, menthol, etc
Mosquito band To be worn on the wrist to repell
_ 9”' Citronella oil 0.75g/band W ) i P Life Trek Yes
anti-insect repellent mosquitoes and insects
Tabard citronella Place on non-combustible surface before
! Citronella oil 50g/kg ) , ustl ! Acorn products Yes
candle lightning
, It emits 5-20 multi frequency sound Press the white button once for 4 hours,
Portable ultrasonic . . . :
waves that repel mosquitoes of twice for 6 hours, three times for 12 Life Trek Yes

repellent

different species

hours protection.
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3.6 Efficacy of Commercially Available Mosquito Repellents in Johannesburg,
South Africa

An efficacy assays were conducted for fifteen repellents to ascertain the percentage
of their protection from mosquito bites (Table 3.18). The repellents efficacy assays
were only conducted in South Africa due to the lack of a working malaria insectary in
Birnin Kebbi metropolis, Kebbi State, Nigeria. This makes it impossible to breed the
mosquitoes and get nulliparous female Anopheles gambiae mosquitoes of uniform
age, specifically 5 to 8 days as recommended in WHO repellent assays guideline

(WHO, 2013) for comparison with South African assays and other similar studies.
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Table 3.18: Repellent products tested, active

concentrations.

ingredients and products

Product name

Active Ingredients

Concentrations

Tabard
Citro-bar Soap

Life Trek, Mosquito
Spray

Medi Scabiol Soap
Mosquito guard

Anti-mozzie camping,
outdoor and indoor
cream

No-squito lotion

Pure Beginning Organic
Care, 100% Natural
Insect Repellents.
Medic Insect Repellent
Cream

All-natural guard insect
repellent

So Pure Naturally,
Mosquito Spray.

Moz-free mosquito
repellents

Mylol perfumed
mosquito repellent

Mosquito Patch Insect
Repellents

Bennet’'s, Mozzie stick

DEET

Citronella oil only

IR3535

Citronella oil only

PMD Citriodiol)

Citronella oil plus other
plants extracts

Other plants extract
without citronella
Citronella oil plus other
plants extracts

Citronella oil only

Other plants extract
without citronella

Other plants extract
without citronella

Citronella oil plus other
plants extracts

Citronella oil plus other
plants extracts

Citronella oil only

Citronella oil plus other
plants extracts

Each 1g contains 195mg of
diethyltoluamide DEET)
Not specified

Not specified

Not specified

Not specified

Not specified

Not specified

Not specified

Not specified

750mg Chrysanthemum
cineriae folium extract,
6900mg Azadirahta indica
extract.

Citronella oil 150g/kg per
patch

Not specified
Not specified

Not specified

Not specified
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3.6.1 Demographics of volunteers

For Part two of this study, the repellent efficacy test, nine volunteers were used for the
whole experiment that included 5 males (55.6%) and 4 females (44.4%). A total of 60
assays were conducted, four replicates each for the 15 repellents tested (240
replicates). Out of these 60 assays, 80.0% (n = 48) were performed by the male
volunteers, while (20.0%; n = 12) were performed by the female volunteers, however
this difference was not statistically different (p = 0.172). The mean age of the
volunteers for the repellent efficacy assays was 33.60 + 4.55 years, with relatively older
males (mean 34.96 + 01.60 years) than females (28.17 + 7.74 years) (p < 0.001).

3.6.2 Repellent products tested and their active ingredients

Out of the fifteen tested insect repellents, (33.3%; n = 5) contained citronella oil plus
other plants extracts, (26.7%; n = 4) contained only citronella oil, (20%; n = 3) contained
other plants extracts without citronella, (6.7%; n = 1) contained DEET, (6.7%; n = 1)
contained IR3535, while (6.7%; n = 1) contained PMD as the active ingredients (Table
3.18 above).

3.6.3 Percentage attractions and repellency

Percentage attraction is the determinant of the spatial repellence activity of an insect
repellent product, a good repellence activity is indicated by the lower percentage
attraction. It was calculated by dividing the average number of mosquitoes counted at
the treated arm net divided by the total number of mosquitoes used for the test, minus
any damaged mosquito (WHO, 2013).

The average number of the mosquitoes on the treated arm net were obtained by
calculating the mean of the number of mosquitoes counted on the treated arm over an
hour at interval of 15 minutes and for all the four volunteers (See Equation 2.2 in
Chapter two), while the percentage protection was accordingly calculated (Equation
2.3).

Out of the 15 repellents that were tested, the medi-scabiol soap provided the highest
level of protections 99.45 + 0.28), it is a citronella-based insect repellent, and it provided
an individual protection of 99.78%, 99.49%, 99.44% and 99.10% for the first, second,
third and fourth volunteers respectively (Table 3.19). The knockdown effects were
noted only by the two repellent products tested, viz: Pure Beginning, and Moz-Free

mosquito repellents, both provided a knockdown effect of 5% (n = 1/20).
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Table 3.19: Showing the percentage repellency of the tested repellents

products.
Product Name Volunteers Average Average number of 9% Repellency
number mosquitoes on the (Cx«¢—T)/(C *
mosquitoes Treated Arm net T) t) 100
on the Control
Arm net C)
Tabard V1 1.75 0.00 100.00
V2 2.50 2.00 98.67
V3 2.25 2.50 98.15
V4 3.00 0.50 99.72
Mean = SD 2.38 £ 0.52 1.25+1.19 99.14 + 0.87
Citro-bar Soap V1 2.00 1.50 98.75
V2 2.00 1.25 98.96
V3 2.00 1.25 98.96
V4 1.25 1.25 98.33
Mean = SD 1.81 £ 0.38 1.31+0.13 98.75 * 0.30
Life Trek, V1 1.50 2.00 97.78
Mosquito Spray V2 4.75 1.25 99.56
V3 2.75 1.00 99.39
V4 1.75 1.25 98.81
Mean = SD 2.69 +1.48 1.38£0.43 98.89 + 0.80
Medi Scabiol V1 3.75 0.50 99.78
Soap V2 3.25 1.00 99.49
V3 2.25 0.75 99.44
V4 3.25 1.75 99.10
Mean = SD 3.13+0.63 1.00 £ 0.54 99.45 + 0.28
Mosquito guard V1 2.00 3.50 97.08
V2 3.50 0.25 99.88
V3 2.50 2.25 98.50
V4 1.00 0.00 100.00
Mean = SD 225+1.04 1.50 £ 1.67 98.87 +1.37
Anti-mozzie V1 4.75 1.50 99.47
camping, V2 7.00 3.25 99.23
outdoor and V3 5.00 1.75 99.42
indoor cream V4 4.00 1.25 99.48
Mean = SD 5.19+1.28 1.94 £ 0.90 99.40 + 0.12
No-squito lotion V1 2.50 4.50 97.00
V2 4.00 5.50 97.71
V3 1.50 2.50 97.22
V4 1.50 1.75 98.06
Mean = SD 2.38+1.18 3.56 +1.74 97.50 + 0.48

114



Pure Beginning V1 8.75 2.25 99.57
Organic Care, V2 7.50 2.75 99.39
100% Natural V3 6.25 4.50 98.80
Insect V4 4.25 1.00 99.61
Repellents Mean * SD 6.69 £ 1.92 2.6 3x1.45 99.34 * 0.37
Medic Insect V1 7.75 4.00 99.14
Repellent V2 5.00 3.50 98.83
Cream V3 3.50 1.75 99.17

V4 7.50 3.00 99.33

Mean = SD 5.94 * 2.05 3.06 £ 0.97 99.12 + 0.21
All-natural guard V1 1.00 2.50 95.83
insect repellent V2 2.00 1.50 98.75

V3 5.25 0.75 99.76

V4 1.00 0.50 99.17

Mean = SD 1.56 + 0.67 1.31£0.90 98.38 £ 1.75
So Pure V1 2.00 4.00 96.67
Naturally, V2 2.50 3.50 97.67
Mosquito Spray V3 2.00 2.75 97.71

V4 3.75 4.25 98.11

Mean = SD 2.56 £ 0.83 3.63 + 0.66 97.54 + 0.61
Moz-Free V1 5.50 2.00 99.39
Mosquito V2 7.00 1.00 99.76
Repellent V3 2.00 0.50 99.58

V4 3.50 5.00 97.62

Mean = SD 4.50+2.20 213 +2.02 99.09 + 0.99
Mylol perfumed V1 2.50 0.75 99.50
mosquito V2 4.00 2.00 99.17
repellent V3 5.00 3.00 99.00

V4 2.75 0.50 99.70

Mean = SD 3.56 £ 1.16 1.56 £ 1.16 99.34 + 0.32
Mosquito Patch V1 1.75 2.75 97.38
Insect V2 0.50 0.00 100.00
Repellents V3 3.00 1.75 99.03

V4 0.50 1.50 95.00

Mean = SD 1.44 £1.20 1.50+1.14 97.85+2.19
Bennets, Mozzie V1 5.50 0.75 99.77
stick V2 2.50 1.50 99.00

V3 3.25 3.00 98.46

V4 4.75 3.00 98.95

Mean = SD 4.00 £1.37 2.06+1.13 99.05 + 0.54

The minimum mean percentage protections were obtained from the plant-based

No-squito lotion with 97.50 + 0.48% (Figure 3.41; Table 3.19).
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The ANOVA analysis was performed on a transformed percentage data to compare
the mean repellency between the control DEET based repellent (Tabard) and the other
tested repellent products. There was a statistically significant difference in the mean
repellency between two or more repellents tested (p=0.019). A post hoc test for
multiple comparisons using the Turkey’s honestly significant difference test (Turkey
HSD), showed that there were no statistically significant differences between the mean
of repellency of Tabard DEET-based insect repellents and the other fourteen repellent
product tested (Figure 3.41). However, statistically significant difference was only
found between the mean repellency of Pure Beginning and Medic insect repellent
cream (p=0.035).
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Figure 3.41: Shows differences of percentage protections of the tested
repellents products relative to Tabard.
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3.6.4 Spatial activity index and percentage responding

The spatial repellence of an active ingredient can be expressed in a form of a spatial
activity index (SAl), which is defined as the proportion of mosquitoes prevented from
entering the treatment chamber in relation to the total number of the mosquitoes
moving within the system, as calculated by using Equation 2.2 (WHO, 2013). The SAl
of all the fifteen repellents products tested ranged from -1 to 1. In this study, the
calculated SAIl ranges from 0.25 £ 0.10 as seen with All-Natural Guard insect repellent
to -0.13 £ 0.18 seen with Medic Insect Repellent. Among the repellent products that
were tested, nine had a positive SAl, five products including Tabard™ had negative
SAl, while one product So pure naturally did not show any spatial activity, with SAI of
0.00 + 0.15 (Table 3.20 and Figure 3.41).

Table 3.20: Percentage responding, and Spatial activity index of the repellent

products tested.

. NCAC+NTAC
Where % Responding was calculated: ———

and SAl calculated - [N CAC=N TAC] (TN CT)

NCAC+NTAC N

Products Replicate NCAC NTAC %Responding SAl
Tabard

V1 4.25 10.00 0.71 -0.29

V2 6.25 2.00 0.41 0.21

V3 6.00 8.25 0.71 -0.11

V4 8.50 7.00 0.78 0.08
Mean SAl * standard error -0.03 £ 0.11
Citro-bar Soap

V1 10.75 4.25 0.75 0.33

V2 6.50 9.00 0.78 -0.13

V3 8.50 4.25 0.64 0.21

V4 6.50 9.25 0.79 -0.14
Mean SAl * standard error 0.07 £ 0.12
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Life Trek,

Mosquito V1 12.00 3.25 0.76 0.44
Spray V2 7.00 6.25 0.66 0.04

V3 8.50 6.75 0.76 0.09

V4 11.00 4.00 0.75 0.35
Mean SAl * standard error 0.23+0.10
Medi
Scabiol V1 5.25 8.00 0.66 -0.14
Soap V2 7.75 6.75 0.73 0.05

V3 6.75 8.50 0.76 -0.09

V4 7.50 7.25 0.74 0.01
Mean SAl * standard error -0.04 £ 0.04
Mosquito
guard V1 7.25 4.25 0.58 0.15

V2 8.25 4.25 0.63 0.20

V3 7.00 5.50 0.63 0.08

V4 9.25 5.75 0.75 0.18
Mean SAl * standard error 0.15+£0.03
Anti-mozzie
camping, V1 - - - -
outdoor V2 - - - -
and indoor V3 - - - -
cream V4 6.50 4.00 0.53 0.13
Mean SAl * standard error 0.13
No-squito
lotion V1 6.25 5.00 0.56 0.06

V2 1.75 7.75 0.48 -0.30

V3 8.25 7.50 0.79 0.04

V4 5.75 7.50 0.66 -0.09
Mean SAl * standard error -0.07 £ 0.08
Pure
Beginning. V1 6.25 2.00 0.41 0.21

V2 5.00 0.50 0.28 0.23

V3 3.00 4.25 0.36 -0.06

V4 9.00 5.25 0.71 0.19
Mean SAl * standard error 0.14 £ 0.08
Medic
Insect V1 2.0 4.25 0.31 -0.11
Repellent V2 1.25 7.75 0.45 -0.33

V3 3.00 11.75 0.74 -0.44

V4 10.75 3.25 0.70 0.38
Mean SAl * standard error -0.13+0.18
All-natural
guard V1 12.50 3.50 0.80 0.45

V2 9.75 3.25 0.65 0.33
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V3 9.25 4.75 0.70 0.23

V4 9.00 9.25 0.91 -0.01
Mean SAl * standard error 0.25+0.10
So-Pure
Naturally V1 5.50 6.25 0.59 -0.04

V2 6.50 6.50 0.65 0.00

V3 6.25 8.50 0.74 -0.11

V4 6.50 3.50 0.50 0.15
Mean SAl * standard error 0.00 £ 0.15
Moz-free

V1 8.50 0.00 0.43 0.43

V2 5.00 6.00 0.55 -0.05

V3 6.50 11.00 0.88 -0.23

V4 4.50 7.00 0.58 -0.13
Mean SAl * standard error 0.01+£0.15
Mylol
perfumed V1 10.00 6.75 0.84 0.16

V2 9.75 2.00 0.59 0.39

V3 4.75 7.00 0.59 -0.11

V4 11.50 4.75 0.81 0.34
Mean SAl * standard error 0.20 £ 0.11
Mosquito
Patch V1 7.75 6.50 0.71 0.06

V2 11.00 8.00 0.95 0.15

V3 8.00 4.00 0.60 0.20

V4 4.50 13.00 0.88 -0.43
Mean SAl * standard error -0.01 £ 0.14
Bennets,
Mozzie V1 4.75 3.25 0.40 0.08
stick V2 7.00 7.75 0.74 -0.04

V3 6.75 6.00 0.64 0.04

V4 6.50 5.00 0.58 0.08
Mean SAl * standard error 0.04 £0.03
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CHAPTER FOUR:
CONCLUDING DISCUSSION

4.1 Introduction

This chapter aims to discuss the key findings presented during the data analysis in
Chapter three in a clear and simple format, in relation to the research aims and
objectives. Assessment and understanding of perceptions, attitudes, and practices of
any community against malaria disease are very important in refining the development
of malaria strategic policies towards malaria control and elimination (DePina et al.,
2019). The community development and practices of the populations can guide and
facilitate the implementation of an effective surveillance system that will help to achieve

an elimination goal and to prevent resurgence (Liu et al., 2013).

This study aimed to assess and compare the malaria-related knowledge and
preventive measures in South Africa and Nigeria and to assess the in vitro efficacy of
the reported mosquitoes’ repellents being used by the public in Johannesburg, South
Africa. To the best of my knowledge, this is the first study that compared the malaria
related knowledge and prevention practices between Nigeria and South Africa. It is
also the first study that document the list of the commercially available mosquito
repellents in Johannesburg, South Africa through market and online survey.

The findings of this study indicate a significant difference between the respondents
living in a malaria endemic area in Birnin Kebbi metropolis, Nigeria compared to and
the malaria-free Johannesburg, South Africa. Specifically in terms of their knowledge
of malaria symptoms and transmission, mosquito breeding sites, understanding of an
effective personal protective measure, treatment seeking behaviors and compliance to

antimalarial medications.
4.2 Socio-Demographic Characteristics

Overall, most of the participants in this study were females (57.4%) with mostly South
African females (62.1%) completing the questionnaire; whilst the converse occurred in
Nigeria (Table 3.1). This trend has been reported before where in a large number of
the African studies, female respondents predominantly took the time to complete a
questionnaire (DePina et al., 2019; Manana et al., 2018). The reason for the slightly
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higher number of males completing the form could be due to the higher male to female
ratio of students attending Nigerian medical schools. In previous studies, a similar
observation was made, where 55.8%, 58.9% and 61.3% male respondents were
respectively reported to in the Northern part of Nigeria (Adiel et al., 2021), North central
Nigeria (Oguntade et al., 2018) and Osun state, Nigeria (Edet-Utan et al., 2016).

The gender of the study participants differs significantly between the two countries
(p<0.001) (Table 3.1). The ‘other genders’ were all reported from South Africa, and this
is most likely be because of the Lesbian, gay, bisexual, transgender and intersex
(LGBTI) Rights Law as stated in Section 9 of the South African constitution. This
mandates that neither the state nor any non-state actor may: “unfairly discriminate
directly or indirectly against anyone on one or more grounds, including race, gender,
sex, pregnancy, marital status, ethnic or social origin, colour, sexual orientation, age,
disability, religion, conscience, Dbelief, culture, language and birth”
(ConstitutionofSouthAfrica, 1996). Whilst in Nigeria the LGBT]I are all criminalised and
anybody found guilty can be either sentenced to death by stoning or 14 years
imprisonment (GUARDIAN, 2014; HumanDignityTrust, 2022).

The educational status of the respondents also differs significantly between the two
countries (p<0.001), where the majority of the respondents from both countries have a
tertiary level of education. However, of the participants that did not attend school were
for the majority from Nigeria (60%). These differences may be related to the difference
in literacy levels between the two countries, namely, 62.02% in Nigeria, with over 10.5
million 5-14years out of school children compared to 87.0% literacy level in South
Africa (Maverick Citizen, 2021; FAWCO, 2021).

Most of the study participants were within the age range of 21-40yrs (71.1%) (Figure
3.1). There were relatively younger participants from South Africa (mean: 24.78 + 7.47
years) compared to those from Nigeria (p<0.001). This difference may be due to the
fact that in Nigeria there are many over-aged students, with many repeat students. In
addition, on average it would take Nigerian scholars nine years to complete their six-
year primary school education (FAWCO, 2021).

The advent of COVID-19 pandemic and the lockdowns implemented by the South
African government, adversely affected the data collection. The additional case load
for the South African HCPs also adversely affected the number of responses received.
As such there was a slightly higher proportion the HCP from Nigeria (52.1%); where
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the majority were from Federal Medical Centre which is larger compared to the Sir
Yahaya Memorial Hospital. In South Africa, the majority were from CMJAH. This could
be due to the fact that the CMJAH is adjoined to the WITS Faculty of Health Sciences

and allowed for easy access (TIPS, 2002a).
4.3 Participants Malaria-related Knowledge

4.3.1 Malaria transmission vector

Almost all the respondents from both countries have a very high level of understanding
of the malaria transmission vector, with more than 91.8% of all respondents correctly
associating a malaria infection with the bite of female Anopheles mosquito (Figure 3.8).
This level of knowledge is comparable to that reported from Eritrea (91.8%)
(Andegiorgish et al., 2019), 89.5% in Nigeria (Olayemi et al., 2012) and 92.1% from
Mpumalanga, South Africa (Govere et al., 2000a). Although not as high as that
reported in other studies from Mamfene, Kwazulu-Natal, South Africa (99%; Manana
et al., 2018), India (97.0%; Kadam et al., 2015) and Ethiopia (95.6%; Abate et al.,
2013). This decreased level of knowledge could be due to the fact thatin Johannesburg
malaria is not endemic and is only encountered when travelling to those malaria areas
in South Africa (KwaZulu-Natal, Limpopo, Mpumalanga) or to neighbouring countries
(SADOH, 2018). In contrast, the level of education appears to be more than that
received in other countries where there was a lower level of knowledge on Anopheles
as the malaria vector. This was reported for countries including, Ethiopia (86.2%;
Teklemariam, 2018), Tanzania (63.2%; Sumari et al., 2016), Nigeria (77.5%; Udonwa
et al., 2010) or Thailand (80.0%; Van Benthem et al., 2006).

With the higher occurrence of malaria in Nigeria, it was not unexpected that 97.10% of
the Nigerian respondents were able to link malaria with the bite of a female Anopheles
mosquitoes compared to those in South Africa (89.10%) (p<0.001). Almost all the
HCPs (99.0%) correctly linked malaria with the Anopheles mosquito, with a slightly
lower association by students (Nigeria, 96.5%; South Africa, 96.2%) and the public
(p<0.001). However, despite this good correlation between vector and disease, there
was surprisingly a small percentage of participants (1.3%) that associated malaria with
eating contaminated food. With the majority (93.3%) of these respondents being South
African students (Figure 3.9), who also identified swimming in river and ponds as the
causative route of infection (0.7%). In addition, 2.4% of South Africans associated the

cause of malaria with climatic changes compared to 1.6% from Nigeria (Figure 3.9).
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None of the Nigerian students had similar misconceptions, however previous studies
have noted that Nigerians have also reported these three misconceptions (Aju-Ameh
et al., 2016; Olayemi et al., 2012).

These observed differences in responses could be related to the fact that malaria
transmission is holoendemic all over Nigeria (FMOH, 2014); whilst in Johannesburg,
South Africa it is sporadic and with mostly imported cases (SADOH, 2019a; Fox,
Karstaedt, Menezes, 2021). This difference is in keeping with the findings of Van
Benthem et al. (2006), who compared the malaria-related knowledge between those
living in malaria endemic or non-endemic areas in Thailand. Similarly, these
misconceptions have been reported in Eritrea (Andegiorgish et al., 2019) and Nambia
(InfoNamiba, 2020).

Possible reasons for the Nigeria cohort being more informed on the malaria-
Anopheles association, is that almost all the participants from Nigeria have had
malaria in the past (Figure 3.20) and hence more aware of the association. In
addition, it may be related to the varied level and frequency of health educations
malaria programs that are delivered in the two study countries, with the likelihood
that there are more malaria-related programs broadcast in Nigerian media stations
compared to South Africa. As seen in this study, more Nigerians (34.0%)
mentioned they obtained their information on malaria through radio and television
compared to only 18.5% from South Africa (Table 3.7). Furthermore, mass media
exposure has shown to play a pivotal role in improving malaria-related knowledge
and adoption of healthy lifestyle (Yaya et al., 2018). These observations
underscore the need for a public health intervention program to be tailored towards
these observed misconceptions for a better and sustainable vector control
programs in the study countries.

4.3.2 Mosquito breeding site

The availability of mosquito breeding sites is always a concern when trying to control
malaria transmission and number of cases of malaria. With the higher occurrence of
malaria in Nigeria, the association of malaria with Anopheles mosquitoes coincided
with excellent knowledge that standing water was one of the main breeding sites for
female Anopheles to lay her eggs and allow for their maturation (85.3%; Figure 3.12).
The Nigerian participants, student and the public demonstrated a higher level of
understanding compared to their South Africa counterparts. On the other hand, the
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HCPs from South Africa had a higher level of knowledge compared to their colleagues
from Nigeria (Section 3.2.1). The acknowledgement by all participants that standing
water should be prevented is a favourable observation to note, as it translates in the
fact the majority of people are contributing towards the reduction of mosquito numbers

and malaria transmission in their immediate surroundings.

However, the differences observed between the HCPs of the two countries, may be
relate to the extra implementation of training sessions by the South African government
on vector control measures, which ensures that the South African HCPs are more
aware of the causative vector and favourable breeding sites (WHO, 2015c).

One misconception that was identified in this study was that more respondents from
South Africa believed that soil was a mosquito breeding site, whilst Nigerians believed
that garbage was another potential breeding site. The latter observation was noted in
several other site studies (Kulkarni et al., 2017; Mehta et al., 2015; Amaechi et al.,
2018). The perception that garbage is a breeding site may be related to the differing
refuse disposal systems in the two countries, where in Birnin Kebbi, Nigeria garbage
is dumped on the street and in conjunction with the increased rain fall in Nigeria, it
seems logical for Nigerian participants to consider garbage as a common breeding
site. Under these circumstances if the garbage is not cleared or left undisturbed, it
could be a favourable site for breeding. This observation has been noted in similar
studies undertaken by Mehta et al. (2015) in an urban area of Bhavnagar, India. In
contrast, the Johannesburg metropolitan has an advanced way of waste management
(Pikitup, 2018),which reduced garbage in which water can accumulate.

The existence of these misconceptions on malaria breeding sites and transmission
indicates again a need to improve and intensify education in all sectors of Nigeran and

South Africa on malaria transmission-related health education.

4.3.3 Malaria transmission season

Nigeria has an annual rainfall of 600-1000mm and 1,300-1,800mm in the northern and
southern parts of the country, respectively, with the rainfall reaching the highest
between June and September in the north and between March to November in the
south. These periods coincide with a peak in the number of malaria cases seen in the
country each year (FMOH, 2014). In contrast, in South Africa the period in which the

highest malaria transmission occurs is in the rainy season that spans between
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September to May (SADOH, 2018a; Burke et al., 2019b). Most of the participants

related the rainy season as the period with highest malaria transmission (Figure 3.14).

However, despite demonstrating excellent knowledge and awareness of the malaria
transmission seasons in their respective countries, there were some misconceptions
noted. A slightly higher proportions of the participants from South Africa mentioned the
dry season as a period with the highest transmission compared to the Nigerian
participants. However, the Nigerian participants mentioned that there was no
difference in malaria transmission between these two seasons compared to the South
Africans. The misconceptions about the malaria seasons may relate to the fact that
with the holoendemic nature of malaria transmission in Nigeria, any decrease in
mosquitoes or malaria cases during the dry season may not be significantly different
to be observed by many citizens in Nigeria. This misconception was also observed by
Andegiorgish et al. (2019) in Eritrea and in Namibia by Jacob and Nuuyoma (2019)

and Ajao et al. (2017) among the university community in Nigeria.

4.3.4 Malaria-related symptoms

To successfully treat a Plasmodium malaria infection, diagnosis is an urgent, key skill
that HCPs and those living in endemic areas need to be aware of. Classically, malaria
presents with non-specific clinical features that may be confused with many
pathologies, including influenza (SADOH, 2018). As such, a high index of suspicion is
the most important element in the diagnosis of malaria. Malaria should be suspected
in any person presenting with any of the symptoms such as fever, headache, body

pains and rigors (Table 1.5; van Zyl, 2016).

Of these, the four most mentioned symptoms and signs identified by the respondents
in this study were fever, chills, headache and nausea and vomiting (Figure 3.3). This
finding was similar to that recorded by Manana et al. (2017) in Mamfene, Kwazulu-
Natal, South Africa and in Nigeria by Okwa et al. (2011). When differentiating between
the responses from the two groups in this study, it was observed that the South African
HCPs and students were more familiar with these clinical symptoms (Figure 3.7 and
3.8). This difference may be related to the more rigorous education received in South
Africa compared to Nigeria. The education system in South Africa was ranked 3™ in
Africa based on labour competences, quality of schooling, digital literacy, capacity to
think critically, and creatively and interpersonal skills, while Nigeria was not among the
top ten African nations with finest education (BSCHOLARLY, 2022). In contrast to the
responses of the HCPs and students, the public respondents in Nigeria had more
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practical experience when encountering malaria and able to recognise the symptoms
more effectively than those in South Africa (Figures 3.5 and 3.6), where malaria
elimination is just a matter of time (FMOH, 2014; Maharaj et al., 2019). A similar
observation was made in Thailand (Van Benthem et al., 2006) and India (Manohar et
al., 2017) where large differences were observed in malaria knowledge between

people living in malaria endemic and malaria-free areas.

A disappointing outcome of the study was that only 46.2% of the respondents were
able to identify all four of the most mentioned symptoms, which was quite below
(63.0%) reported by Manana et al. (2017) in Mamfene, Kwazulu-Natal. The observed
differences may be due to the participants in Mamfene were living in a malaria
transmission area and were expected to be more familiar with the malaria-related
symptoms and signs, than the Johannesburg participants living in a malaria-free area.
Furthermore, only 33.8% of the participants associated all seven symptoms presented
to them with malaria, namely fever, chills, headache, nausea and vomiting, joint pains,
abdominal pain and convulsions. This outcome was comparable to the 38.0% obtained
by Van Benthem et al. (2006) in Thailand. More participants from South Africa (35.6%)
associated all the seven symptoms with malaria compared to those from Nigeria
(30.4%) and this may be associated to the higher literacy level and education standard
in South Africa, since students were included in this study (BSCHOLARLY, 2022). In
contrast, a significantly higher proportion of the HCPs (47.0%; p<0.001) correctly
identified all the seven symptoms compared to the students and public. A comparable
finding was reported by Onwujekwe et al. (2009) the hospitals staff were compared to

non-hospital participants in the southeastern part of Nigeria.

4.3.5 Malaria control strategies

Malaria control strategies including LLINS, IRS, ACT, strengthening of healthcare
systems, insecticide spraying programmes and use of intermittent preventive therapy
in pregnancy (Section 1.4) are proven methods to reduce the incidence of malaria and
vector control. Overall, the participants had a poor concept of malaria control strategies
with less than half of the participants knew IRS, health promotion and case
management formed part of the malaria control strategies (Table 3.4). Of the strategies
used, LLINs was known by the majority of the study participants (72.3%); with the
Nigerian public respondents displaying the highest level of knowledge on LLINs use
compared to the other groups (Table 3.5). The significant difference between the two

study countries is possibly due to the necessity for those living in Nigeria to know and
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implement the use of LLINs. Several reports by Beyene et al. (2015) in Ethiopia,
Manana et al. (2018) in South Africa and Dawaki et al. (2016) in northwestern part of
Nigeria, all indicated that LLINS is the most commonly known strategy against malaria

infections. .

4.3.6 Sources of information on malaria and request for further malaria
education
Educating the community and reinforcing this knowledge in HCPs is of utmost
importance. In this study, the major source of information (55.5%) was reported to be
at the school level (tertiary), but this finding could have been skewed as the students
constituted more 55.2% of the study population. The participants from South Africa
were twice as likely to obtain the information on malaria from schools than those in
Nigeria (p<0.001)

The hospitals served as a source of information to only 33.4% of the all the study
participants, with only 28.4% by South African hospitals sharing information on malaria.
This was comparable to 20.7% as reported by Uma et al. (2016) from a malaria non-
endemic area in India However, the hospitals served as the highest source of
information on malaria for the participants from Nigeria (46.8%), which was
comparable to 44.7% obtained by Uma et al. (2016) in a malaria endemic area of India;
but approximately half that reported by Ghanaians (Laar et al., 2013). These findings
indicate the need to intensify more effort for awareness creation on malaria by the
HCPs in both countries.

Resources accessible to South Africans for malaria-related information was twice as
likely to be from newspapers and friends compared to Nigerians population, who
mostly (34.0%) obtained their malaria-related information from radio and television
compared to 18.5% from South Africa (Table 3.5). This could have been due to the
literacy difference between the two countries to deliver a verbal form of information
sharing or the need for Nigeria to be able to reach more or the population to alert the
population of threats of malaria and how to control transmission. Also, the participants
in South Africa are more likely to discuss malaria with their colleagues, because they
perceived it as a serious disease compared to Nigerians who think malaria forms part
of their everyday life (FAWCO, 2021; Maverick Citizen, 2021).

Unfortunately, more than half of the participants (51.9%) indicated that they do not
have enough information on malaria and requested for further malaria-related health
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education; to focus predominantly on malaria treatment. The South Africans indicated
that they were more likely to request more information related to treatment, prevention
and nature of the disease compared to malaria control by the Nigerian participants
(Table 3.7). This difference in information seeking behaviour could be related to the
participants’ attitudes toward malaria, where most of the Nigerian participants and
those living in endemic areas (such as in Colombia) may not consider malaria to be a
serious disease with most believing that being infected with malaria is a normal part of
life (Forero et al., 2014). In contrast, the South African participants considered malaria
as a serious disease, as such wanted to know much more about the nature of the

disease, prevention and treatment of malaria.

4.3.7 Anaemia and family history of blood transfusion due to malaria

Anaemia is a common complication of malaria, although it has many causes. As such,
itis important that both HCPs and the public are aware that anaemia is linked to malaria
infections and should be monitored. Overall, the respondent’s knowledge on anaemia
as a complication of malaria was good (79.8%), being significantly higher among the
Nigerian respondents than those from South Africa. This would positively contribute to
the higher index of suspicion of anaemia among the Nigerian HCPs, which will led to
the successful treatment of the patient; hence the Nigerian HCPs are more likely to
diagnose malaria-related anaemia than the South African HCPs. To rectify anaemia
and adjust the haematocrit, a blood transfusion may be required (SADOH, 2019). Of
the study participants, only 14.6% had a family history of blood transfusion, with 33.7%
and 5.0% of the Nigerian and South African participants, respectively, reporting a
history of blood transfusion (p<0.001; Figure 3.12). The majority of those receiving the
transfusion were within the public respondents and tentatively linked to their low socio-
economic status (Barat et al., 2004; Nwaneri and Sadoh, 2020; Nkegbe et al., 2017).
These observed differences could be related to the differences in the intensity of
malaria transmission between Nigeria and South Africa. In fact, it has been
documented that malaria-related anaemia is more common in countries with intense
malaria transmission with the highest moderate/severe anaemia prevalence was found
in Burkina Faso (69.6%), Guinea, Ghana, Cameroon, as well as Nigeria (Olanrewaju

and Johnson, 2001; Papaioannou, Utzinger and Vounatsou, 2019).

4.3.8 Overall malaria knowledge score
Based on the key aspects of malaria Overall, 68.8% of the study participants have

good knowledge on malaria, where the South Africans (73.8%) had a significantly
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higher score than their Nigerian (59.2%) counterparts (p <0.001). This finding was
comparable to 74.3% reported by Fuge et al. 2015) for an Ethiopian cohort and 50.4%
in Southern Ethiopia (Kebede et al., 2017). Again, education appears to be a key factor
in ensuring that HCPs and medical students can optimally manage their patients.
Although living in an endemic environment constantly exposes the public to the risk of
being infected, there should not be complacency on behalf of the public, HCPs, and
government to jeopardise the health of the community. Education of the women in the
household tends to lend itself for the continued teaching within the home and the
increased awareness of malaria-related aspects was shown in this study (Figure 3.22).
However, continued exposure to the dangers of malaria through all media platforms
should continue to ensure the wider community regardless of education level, is

reached and empowered to confidently defend against a malaria infection.

This study indicated that most of the study participants had good knowledge on various
aspects of malaria, with the HCPs and students from South Africa displaying better
knowledge than their Nigerian counterpart. In contrast, the Nigerian public respondents
revealed they were more informed on the various aspects of malaria compared to the
South African public respondents. Although high scores were obtained for the majority
of the aspects investigated, there is room for improvement with additional and
continued education to reinforce habits and behaviours to decrease the risk of a

malaria infection and to optimise the management of the infected person.

4.4 Participants Attitudes and Perceptions on Malaria Prevention and

Management

Attitudes is simply an individual subjective and personal opinion about a specific topic.
While perceptions are expression of one’s attitude and it is simply an individual belief
or opinion based on how he or she understood and interpreted the subject of
discussion (KeaneCreative, 1997; Beri, 2009).

In general, the majority of the participants (93.6%) knew that malaria can be prevented
with early treatment, where there was a slightly higher proportion of participants from
South Africa (93.7%) that believed malaria can be prevented compared to 93.4% from
Nigeria. This difference may be due to the fact that South Africa is almost at the verge
of malaria eradication throughout the country and the respondents had seen a practical
aspect of a successful eradication programme along with medication that effectively
treats patients. In contrast, Nigeria is still battling with a very high burden of malaria,
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being the highest contributor to the world malaria burden (WHO, 2021; Raman et al.,
2020). This high infective rate coupled with unsuccessful government programmes to
manage vector breeding sites and patient management, would affect the attitude and
perception of someone having to constantly be on guard against being infected
(Akogun, 2008; FMOH, 2014; Forero et al., 2014)

Being on the forefront of malaria and other health-related issues, coupled with
prevention or elimination programmes, the HCPs have seen the positive outcomes of
early treatment. This was reflected in this survey, with HCPs responding that they knew
malaria was a preventable disease compared to students and public respondents
(p<0.001) (Section 3.3.1).

Even though Nigerian HCPs manage more malaria infected patients than their South
African counterparts, the HCPs from South Africa indicated a slightly more positive
attitude (97.9%) that malaria is a preventable disease compared to their counterparts
from Nigeria (95.9%). This could have been reflective of the number of successful
cases treated and fatalities observed by the Nigerian HCPs compared to the much
lower number of cases managed by their South African colleagues. Whilst an almost
equal attitude was noted amongst the students from both countries (Figures 3.22 and
3.23).

4.41 Treatment seeking behaviours

Symptoms and signs of P. falciparum malaria normally present within 10 to 21 days
after being bitten by an infected vector mosquito but have been reported as early as 6
days. Recognition of clinical symptoms and a positive diagnostic test is recommended
by the South African Department of Health before initiating treatment (SADOH, 2019).
Slightly more than half (56.5%) of the study participants were in compliance with this
recommendation, where they were willing to go for an early treatment within 24 hours
of suspecting they were infected with malaria (Figure 3.18). This correlated to a higher
proportion of South Africans (59.6%) indicating they would seek early treatment,
compared to 50.8% from Nigeria (p=0.001). However, most of the participants that said
they would wait until for seven days or more; such that this gave them time to try an
over-the-counter medication for self-medication (Figure 3.19). This response was
received from more of the Nigerian respondents (6.4%). This in itself could lead to
complications and developing moderate to severe malaria. In South Africa, medication

to treat malaria is not available over the counter only prophylactic medication. The fact
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that this is not widely known, could further delay treatment whilst waiting for a medical
appointment and the prescribed medication to be dispensed. A similar observation was
reported by Anumudu et al. (2006) in a study conducted among Nigerian university
students, where 25.0% of the respondents reported using self-medication once they
suspected they were infected with malaria. The regular frequency in which Nigerians
are infected makes it part of their life and is considered by many as not being a serious

disease (Forero et al., 2014).

Surprisingly, eight participants, all from South Africa (Figure 3.19) said they would wait
until the symptoms get serious before seeking treatment. This is a very dangerous
attitude, as any delay in initiating malaria treatment especially in non-immune individual
can lead to the severe form of the disease and increase the risk of mortality, where
most South Africans were considered to be non-immune even those living in the
malaria transmission provinces (SADOH, 2018). This indicated the need for an
increased effort to provide malaria-related health education within the country. This is
particularly true in South Africa and with such an attitude it could compromise the
reduction or termination of malaria transmission in these areas. The infected individual
could be harbouring many sexual forms of the Plasmodium parasite which could be

transmitted to another person following a mosquito bite.

In this study, the participants’ malaria treatment seeking behaviour was found to be
statistically linked to the participants level of education across the two countries
(p=0.002). Higher proportions of participants with tertiary level of education indicated
that early treatment within 24 hours was preferred compared to those with a primary
or secondary level of education or unschooled respondents (section 3.3.1). A similar
finding was reported by Urama et al. (2021). In additon to education levels, other
influencing factors could be finanacial where the latter respondants were unable to
travel to the health clinic due to work or finance challenges. Whilst for university or
HCPs, their locality near a clinic or campus health assisted with seeking treatment

within the recommended 24 hours.

Previous studies have reported that the attitude of an individuals who had endured the
experience of a malaria infection would seek malaria treatment earlier than before
(Urama et al., 2021; Marsh et al., 2020). This was however not observed in this study,
where Nigerians who had been previously infected indicated that they would delay
seeking medical attention (Figure 3.18).

132



4.4.2 Attitude towards malaria preventive measures and treatment

The maijority of the participants demonstrated a positive attitude with regards to malaria
preventive measures, where LLINs (81.3%) and mosquito repellents (73.7%) were
commonly mentioned. Nigerians favoured LLINs (82.9%) slightly more than South
Africans livign in Johannesburg (80.5%)(p=0.684), as well as those living in the
Limpopo province (82.0%). Antimalarial prophylactic medication was favoured by
more than half of the respondents, along with having clean environment (Table 3.11),
with the South African respondents preferring antimalarial drug prophylaxis more than
Nigerians. These findings were corroborated by the observations in previously studies
by Van Benthem et al. (2006), Teklemariam (2018) and Manana et al. (2018).
Furthermore, more respondents from South Africa preferred the use of mosquito
repellents (82.7%) for personal protection from a malaria infection, compared to 55.7%
of Nigerians.

The South African Department of Health recommends for mild to moderate infections,
the use of Coartem™ (artemether + lumefantrine) or if not available quinine +
clindamycin/doxycycline (SADOH, 2019). These recommendations are relatively new
where quinine + clindamycin/doxycycline was the preferred choice for mild to moderate
infections and is still preferred for the treatment of women in the first trimester of
pregnancy (SADOH, 2019). Surprisingly, a relatively low proportion of the respondents
used Coartem™ (56.7%) and quinine (27.6%); where more respondents from Nigeria
used Coartem™ (68.7%) compared to 33.5% in South Africa (P<0.001). Whilst quinine
was used more in South African (61.7%) compared to Nigeria (9.9%)(Table 3.14). A
large proportion of the HCPs in South Africa still believe that quinine is the preferred
choice for the treatment of severe malaria (Figure 3.39). These differences in
medication administration, may be related to firstly, that the South African HCPs were
not up-to-date with the current guidelines to treat malaria, compared to their Nigerian
counterparts. Secondly, the different demands of medications on the two Departments
of Health based on the endemicity of malaria, drug sensitivity, drug availability and
population profile in Nigeria (FMOH, 2014; Bamiselu et al., 2016).

To ensure complete clearance of the parasite from the blood stream, infected patients
are counselled to complete the medication as prescribed. This study confirmed that
the majority of the respondents (80.2%) completed their prescribed medications, with
an equal proportion in South African and Nigeria. A similar finding was reported from

Ghana (Afaya et al., 2017). However, a good number of the study participants indicated
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that they do not usually complete their prescribed medications (19.8%) as they believe
they have recovered i.e., asymptomatic. However, this does not mean they are
parasite-free. Such behavior and poor attitude can lead to the development ore
selection of resistant parasites, which can further compromise lives, the countries
health system and countries economy (Ajonina et al., 2019; Afaya et al., 2017). These
findings indicate that all citizens should be further educated on the dangers of the
development of drug resistance, and the implication on successfully providing
treatment of a previously curable infection. Also, the HCPs need to do more in
educating their patients on the important of a drug adherence.

4.4.3 Overall malaria attitude score

It was unexpected to determine from this study that overall only 56.6% of the study
participants demonstrated a good attitude towards malaria, with the South African
(61.8%) participants showing a higher degree of knowledge towards key concepts and
knowledge required to protect themselves from infection and treatment, compared to
the Nigerian cohort (46.7%). However, this is in line with reports from Southern Ethiopia
(55.1%) (Kebede etal., 2017) and 55.8% from Rwanda (Habimana et al., 2016). When
considering factors which could affect this attitude score on malaria it was found that
there was an association with participants gender, educational status, occupational
status and age. A similar observation was made by Habimana et al. (2016) in Rwanda
and (Oguntade et al.(2018) in North central Nigeria. But a concerning factor was the
possible complacency of the Nigerian cohort as it is part of their daily lives and they
believed that malaria is not a serious illness (FMOH, 2014; FAWCO, 2021). Of those
included in the study, the more favourable attitudes of the HCPs indicate that this group
of individuals should be more interactive with their communties to supplement and
advance their knowledge as to the benefits of managing bredding sites to reduce the
risk of infection and ensure all comply with treatment regimens to reduce malara

transmission.
4.5 HCPs Knowledge on Management of Malaria

The study has shown that South Africans HCPs were more familiar with the RDT for
malaria diagnosis compared to Nigerian HCPs who were more familiar with the
microscopy (Figure 3.28). More Nigerian HCPs demonstrated good knowledge on the
first line therapies for treatment of an uncomplicated and severe malaria compared to

their South African counterpart (Figure 3.30 and 3.32). However, more South African
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HCPs correctly prescribed the correct dosage of parenteral artesunate for the

treatment of malaria compared to Nigerian HCPs (Figure 3.32 — 3.35).

4.5.1 Malaria diagnostic methods

In practice malaria diagnosis involves history taking, clinical examination, and definitive
diagnosis with either RDT or microscopy before the commencement of chemotherapy.
This is to avoid misdiagnosis which often result to an unnecessary exposure to the
antimalarial medications due to misdiagnosis, severe iliness, or death (SADOH, 2019).
Malarias’ clinical presentation is similar to many other diseases including influenza,
viral hepatitis, encephalitis, septicaemia, meningitis, tick bite fever, gastroenteritis,
typhoid fever, viral haemorrhagic fever, trypanosomiasis, HIV seroconversion illness,

urinary tract infection and relapsing fever (SADOH, 2019).

Overall, microscopy was the most mentioned malaria diagnostic method (74.0%),
followed by RDT (73.7%), which corresponds to studies done in Ghana (Prah et al.,
2019) and in Zamfara State, Nigerian (Usman et al., 2018). The HCPs from South
Africa were more familiar with RDT (78.8%) as a malaria diagnostic tool, compared to
Nigerians HCPs who were more familiar with microscopy (72.0%) (Figure 3.28). These
differences may be attributed to the perception by Nigerian HCPs that RDT are
unreliable and that there is in fact a higher level of presumptive malaria diagnosis in
malaria endemic areas (Bamiselu et al., 2016). Despite these differences, the HCPs
from both countries had a relatively good knowledge of malaria diagnostic methods,
which would support the WHO request for all cases of malaria to be tested with either
RDT or microcopy or both to confirm the diagnosis. This also aligns with the WHO
campaign to test, treat and track method in malaria management to improve the quality

of malaria care and surveillance (WHO, 2015b).

Based on this latter finding, it indicates that the Nigerian HCPs have confidence in the
skill of the microscopists in their respective laboratories. Since a diagnosis of malaria
cannot be confirmed or excluded purely on the clinical symptoms, an accurate
diagnosis relies on either microscopy or RDT as an essential tool for the successful
management of a malaria case. The accuracy of the light microscopical method is
dependent on well trained and skilful microscopists and good materials and equipment,
who required regular training workshops to heighten their skills. Microscopists and
laboratory technicians should be skilled in not only identifying a Plasmodium infection
but should be skilful enough to differentiation between the species of Plasmodium to

ensure the correct treatment regimen is administered (Luo eta al., 2021). Other factors
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which could affect the reliability of the outcome of the RT strip and there by affect the
HCPs opinion of the efficacy of this diagnostic tool, are the storage facilities required
for the new RDT strips, as well as its transport to and from the clinic to the diagnostic
laboratories, Ideally the strip should not be exposed to high temperatures and be stored
optimally at the recommended temperature storage range of 1°C to 40°C, however
WHO recommends 30°C depending of the manufacturer, and transported in a cool
environment out of direct sunlight, but not frozen (WHO, 2009b). In addition, the RDT
have been reported to not be able to reliably detect low-density parasitaemia (<200
parasites/uL)( McMorrow, Aidoo, Kachur, 2011), where if there is a semi-immunity
within the population in the endemic area, this will compromise eradication of the

parasite and facilitate transmission.

4.5.2 Malaria chemotherapy

Globally, artemether plus lumefantrine and artesunate are the recommended therapies
for the management of an uncomplicated and severe malaria, respectively (FMOH,
2014; WHO, 2015b; SADOH, 2019). Overall, 67.4% and 61.1% of the HCPs mentioned
artemether plus lumefantrine and artesunate as the approved first line medications for
the treatment of an uncomplicated and severe malaria respectively (Figures 3.31 and
3.32). The HCPs from Nigeria demonstrated a good knowledge of the first line
therapies in accordance with their national guidelines, compared to South African
HCPs (Figure 3.30 and 3.32). This difference may be attributed to the large number of
cases HCPs manage in Nigeria, where about 60% of outpatient visits and 30% of
hospitalizations in the country (FMOH, 2009).

South African HCPs identified ACTs (Coartem™; 54.9%) and artesunate (55.0%) as
the first line therapies of an uncomplicated and severe malaria, which could be
considered a reasonable score considering Johannesburg is a non-endemic area.
However, there is a high number of travel malaria cases reported each year, which
doctors in this area need to be able to optimally treat (Fox, Karstaedt, Menezes, 2021).
The update to the guidelines on preventing and treating malaria was published in 2018
and 2019, respectively, and this may have affected the selection of quinine as the first
line therapy which was the case for so many years (SADOH, 2018, 2019). However,
despite the uncertainty as what to use as first line therapy, higher proportions of South
African HCPs were able to correctly identify the correct dosage to use in various weight
categories of patients. Where 12.6% of HCPs from South Africa correctly prescribed

three doses of 2.4mg/kg of parenteral artesunate at 0, 12 and 24 hours for patient over
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20kg (FMOH, 2014; SADOH, 2019), compared to only 9.8% of HCPs from Nigeria
(p<0.001) (Figures 3.34 and 3.35). These findings were slightly better than those of
Kalilani-Phiri et al. (2011) and Ahir and Bala, (2012) who reported a low percentage of
correct prescriptions regimens of an artesunate (9.8%) for patient > 20kg and 6.3% for
patient < 20kg.

A significant difference was noted between the two countries in selecting artesunate
for the treatment of severe malaria, even though it is in line with the current
recommendations worldwide (WHO, 2015b ; SADOH, 2019). Of the 62.3% HCPs who
jointly preferred artesunate, 69.8% of Nigerian and 54.5% of South Africans made this
choice. The fact that artesunate used to be only available on a patient named basis
could have affected this selection, but this has altered where the Department of Health
has made this drug more freely available. it was noted that there was a small
percentage (12.1%) of HCPs who still believed and preferred quinine for the
management of severe malaria (South African HCPs: 13.4% vs 10.8% from Nigeria).
This could have been based on the clinical experience of the HCPs in using quinine
knowing how to tailor the dose for their patient to avoid adverse effects (Table/section)
(Umar et al., 2011).

But what is of concern is that 21.6% of the South African HCPs respondents did not
know what the first line therapy of malaria treatment was (Figure 3.30 and 3.32). This
could have been influenced by the profession of the HCP who completed the form,
where medics, pharmacists, nurses could have been more aware with this information
than physiotherapists and laboratory scientists. Although some doctors who have
specialized in field which would not encounter malaria have also indicated that they
were not knowledgeable on malaria guidelines (Kalilani-Phiri et al., 2011). This
observation has been seen in other countries where Ghouth (2013) reported that one
of the reasons why some clinicians continue to prescribe unrecommended or second
line antimalarial agents was due to their poor knowledge on the new treatment policy
or they had not ever read a clinical guideline or they believed the clinical guideline
would not improve their diagnosis and treatment capability (Bhagat and Nyazema
2001; Ray and Nair, 2011).

These findings necessitate the implementation of regular educational workshops to

update HCPs with the current guidelines to sensitize them to the current treatments
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and abate misconceptions. This training should ideally be extended to include all the

students training in healthcare and the public (Kamal-Yanni et al., 2012).

4.5.3 Knowledge of malaria chemoprophylaxis

Three options of malaria chemoprophylaxis are nationally approved and available in
the African region viz: doxycycline, atovaquone—proguanil and mefloquine (SADOH,
2018; CDC, 2021). Atovaquone-proguanil was mentioned by 34.3% of the HCPs as
the most known malaria chemoprophylaxis in this study (Table 3.15), with South
African HCPs. This could be linked to the fact that there is a higher adherence to this
drug compared to the two possible options. Landman et al. (2014) reported 88.0%
adherence to atovaquone-proguanil compared to 82.0% for doxycycline and 62.0% for
mefloquine. This preference for atovaquone-proguanil, especially in Nigeria (Table
3.15) could also be due to the fewer reported side effects to this medication; especially
as it lacks neuropsychiatric side effects as mefloquine does (Meltzer and Schwartz,
2019; Dirk van der Berg et al., 1999). While the preference for doxycycline by South
Africans (57.6%) is potentially a costing factor and awareness of the potential adverse
effects since there is a likelihood that the drug had been taken before for another
bacterial infection (Rodrigues et al., 2019).

WHO recommended that malaria chemoprophylaxis regimens include daily doses of
doxycycline or atovaquone-proguanil to be started 1 to 2 days before arriving at malaria
risk areas (Table 1.4). While a weekly dose of mefloquine was recommended to be
started two to three weeks before departure, to monitor for potential unwanted side-
effects and allowing time to alter medication to a more tolerated drug and to ensure
the plasma level was optimal to protect against any Plasmodium parasites (WHO,
2012). This study indicated that the South African HCPs were able to provide the
correct regimen for malaria chemoprophylaxis compared to their Nigeria colleagues
(Figure 3.36).

Mefloquine has a set of contraindications that need to be considered before it can be
prescribed, these contraindications include infant weighing less than five kilograms,
history of epilepsy or psychiatric illness, underlying cardiac disturbances or
arrhythmias, and past severe reactions to mefloquine (SADOH, 2017; CDC, 2021).
This study has highlighted the fact that HCPs were not adequately aware of the
contraindications as to when not to use mefloquine, where the better-known

contraindications were previous history of an epilepsy and psychiatric illness (26.0%)
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(Figure 3.37). The most reported contraindication to mefloquine use by both South
African and Nigerian HCPs was a history of severe reaction to mefloquine. However,
misconceptions that mefloquine should be avoided in pregnancy was higher among
the South African HCPs (35.8%) compared to 17.7% for the Nigerian HCPs (Figure
3.36). Again, this is indicative that the South African HCPs have not updated their
knowledge as the recommendations have been adjusted; where mefloquine has been
approved by WHO for use from the first trimester of pregnancy. This was for both
prophylaxis and treatment of malaria (SADOH, 2018; Labama Otuli et al., 2021). To
note mefloquine is not registered to be used for treatment of malaria infected patients
in South Africa, only for preventative therapy (SADOH, 2018).

Again, these findings necessitate the implementation of regular educational workshops
to update HCPs with the current guidelines. The need for HCPs as well as the public
to remain vigilant and to ensure they are aware of medication to prevent and treat
malaria is still essential, whilst the two respective governments tackle the burden of
malaria. In South Africa, there is a focus approach for malaria elimination within all its
territories by year 2026, as well as assisting neighbouring countries where there is a
higher burden than in South Africa. In contrast, Nigeria continues to battle with a higher
burden of malaria within the whole country, needing to control vector breeding sites as
well as ensuring the availability of skilled HCP and medication to manage of infected
patients (FMOH, 2014; Njau et al., 2021).

4.5.4 Malaria-related information shared by the HCPs

This study has shown that the HCPs cohort of the study participants were better
informed with regards to malaria prevention and treatment and as such should be at
the forefront to educate the public and share their clinical expertise with students. A
higher proportion of HCPs (72.9%) indicated that they always educate their malaria-
positive patients with relevant information. Although this tended to be more by the
Nigerian HCPs (81.9%) than the South African HCPs (62.8%) (figure 3.38). This may
be due to the fact that the Nigerian HCPs are in contact with malaria-positive patient
more regularly than their South African counterparts. The South African HCPs were
more likely to counsel patients on preventative measures and backup treatment
medication to those patients who were to be travelling to a malaria area. However, this
statistic should be improved upon to better contribute towards the national programme
to eliminate malaria and this can only be done if HCPs are part of the educational effort.

HCPs reportedly did not make their patients aware of critical alerts. Namely, only
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45.2% of doctors advised their uncomplicated malaria-positive patients to return to the
hospital once they notice any complications, only 44.8% educated their patients on
drug adherence and only 30.8% educated their patient on early treatment seeking
behaviours (Table 3.38). Regretfully this appears to be a trend where little is gained by
patients when interacting with HCPs (Yamamoto et al., 2010; Rowe et al., 2005; Ladi-
Akinyemi et al., 2018).

Hence, the findings in this study gives an insight to the urgent need to deliver an
organised malaria-related programs to update HCPs with the new policies to motivate
them for malaria-related information sharing which would be an immense benefit in

both countries.
4.6 Market and Online Surveys on Mosquito Repellents

One of the objectives of this study was to survey and document the repellent products
that are available for purchase by the customers in Johannesburg, either physically in
the shops or malls or by an online transaction. This appears to be the first time such

information has been collated for the South African market.

In total, 92 different repellent products were identified with the majority obtained from
an online search (77.2%). Out of these 46 were natural products, 10 synthetic
repellents products, while 15 were based on electrical repellent mechanisms (Table
3.16 and 3.17). The cost of these repellents ranged from R12.49 to R1,252.57 with a
median cost of R99.00; with the online products (R204.99 + 235.97) significantly more
costly than the market/store products (R51.64 + 24.33) (p<0.001). This was similar to
the costing of repellents performed in Thailand by Mulla et al. (2001), who reported
that the cost of personal protective measures was between $12.50 and $25.00, i.e.
R192.13 to R384.25 at R15.37 per dollar).

The South African government recommends that all products that are to be used or
consumed by humans have to be approved by the South African National Accreditation
System (SANAS), which is the only national body responsible for carrying out
accreditations in respect of conformity assessment, as mandated through the
Accreditation for Conformity Assessment, Calibration and Good Laboratory Practice
Act (Act 19 of 2006) (SANAS, 2022). The SABS Certification Mark acts as a third-party
guarantee of a product's quality, safety, and reliability, assuring consumers that the

product conforms to specifications based on ISO / IEC 17065. Upon investigation into
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the SAPB approval status of the collated products, it was found that overall only 55.2%
of the surveyed products were approved in South Africa; whilst the information
acquired on the product or on the website did not specify their SABS approval.
However, not all of those products indicating approval could be traced in the South
African health products regulatory authority’s registered health products list (SAHPRA,
2022).

The citronella oil was the commonest ingredients (33.4%) contained in most of the
surveyed repellent products, with the majority of the repellents being plant-based
products. This may be related to the recent surge of research to find an ideal and
ecofriendly natural repellent product (Rehman et al., 2014). The plant-based products
are increasingly gaining popularity among consumers because they are believed to be

safer than the synthetic products (Shukla et al., 2018).

The synthetic repellent, DEET only found in 7.3% of the surveyed products (Figure
3.40). It is regarded as the gold standard product, and it is recommended for a long-

term protection (Xu et al., 2014).

Many varied electrically powered products were identified in this survey with the
majority emitting either ultraviolet light or sound wave to repel mosquitoes (Table 3.16).
The soundwave-based electric repellents use the natural behaviour of female
mosquitoes in which they avoid male mosquitoes during her egg laying period. They
do this by detecting the sound produced by the males and avoiding him. As such, these
devices produces sound similar to that of male mosquitoes, thus repelling the female
mosquitoes such that she does not bite a human host (Feng, 2001). However, most of
the scientific studies that assess the efficacy of an electrically powered mosquito
repellent devices concluded that these products do not provide any significant
protections against mosquitoes, especially those that uses sound wave and wearable
devices (Enayati et al., 2007; Rodriguez et al., 2017).

Prevention of a mosquito bite remains one of the most important mainstays of malaria
prophylaxis. The application of a 20-50% diethyltoluamide (DEET) insect repellent to
the exposed skin along with wearing permethrin impregnated clothing reduces the risk
of bites. In addition, the burning of insect coils, sleeping under insecticide-treated bed
nets and ceiling fans, along with mosquito screens on the doors and windows, provide
additional protection (DOH, 2018; WHO, 2021). However, one needs to remain
cautious of novel and non-certified methods of preventing mosquito bites which are
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flooding the market, as these may create a misleading sense of protection (van Zyl,
2016).

4.7 Efficacy of Mosquito Repellents in Johannesburg, South Africa

4.7.1 Mosquito repellent efficacy

Personal protective measures are of paramount importance in the control of vector
borne diseases. The use of mosquito repellents is an effective and additional tool for
personal protection against the mosquitoes (Ogillo et al., 2016). Today there are
numerous commercially marketed repellents that claim varying degrees of protection
against mosquito bites; however, for most of these their claim of protective efficacy has

not been scientifically verified (Section 1.5).

In this study, the protective efficacy of fifteen commercially marketed repellent products
displayed excellent repellency, over a period of one hour, their percentage repellency
ranged from 99.45% to 97.50% when tested against five-to-seven-day old female An.
gambiae mosquitoes that had been starved of a blood meal but were sugar-fed (Table
3.19). Of these fifteen repellent products, the citronella oil-based repellent product,
Medi-scabiol™ soap provided the highest level of protection (99.45 + 0.28%). This is
an interesting finding as plant-based repellents are favoured by many consumers as
these are perceived to be safer and as effective as the long-established synthetic
repellent products (Maia and Moore, 2011). The advantage of a plant-based product
possessing good repellent properties is a favourable outcome for both the researchers
and consumers, as such products are considered safe and eco-friendly (Rehman et
al., 2014).

Plant-based repellent products have been in use since time immemorial. More
especially in traditional ways in the tropics, and indeed by some communities in North
America and Europe (Maia and Moore, 2011). Citronella oil is one of the plant extracts
that has been proven to an effective mosquito repellent. Apart from the repellent effect,
it was also reported to be both an irritant and toxic to the mosquitoes (Deletre et al.,
2013a; Trongtokit et al., 2005b). In this research study, the citronella oil has been
proven to be an effective and reliable repellent for short term protection against the
mosquito bites for an hour period, which matches that found by Thorsell et al. (1998),
Trongtokit et al. (2005a) and Harismah et al. (2017). Some studies have shown the
citronella oil can provide a longer protection period against mosquito bites for up to two
hours (Trongtokit et al., 2005b; Lee, 2018). However, in contrast, a lower efficacy of
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citronella-based repellent product was also previously reported by Fradin and Day
2002) in a laboratory study conducted in United State. The ability to directly compare
these products is fundamentally flawed as the manufacturer, in the majority of
products, does not stipulate the exact percentage of citronella oil included in the
product or the source of the oil. The latter is important to know as many factors can
affect the composition of the oil and thereby altering the efficacy as a repellent. Factors
include country, season plant harvested, process in which oil was obtained, ie

distillation versus extraction (Kamatou et al, 2008).

In this study, the efficacy of citronella-based repellent was found to be statistically equal
to that of DEET for short-term protection (Misni et al., 2017; Omar and Vythilingam,
2002). However, the poor stability of citronella oil due to it higher volatility and need for
frequent applications still makes DEET, the gold standard repellent product, with a
protection time of about 360 minutes (Diaz, 2016a; Trongtokit et al., 2005b).

The only wearable device tested was Mosquito patch™ and it is one of the three least
effective products found in this assay. Although the active ingredient of this tested
wearable device was Citronella which has proven repellent activity over an hour period
(Table 3.19). This indicate the reason for the low effectiveness of the wearable devices
might be attributed to low concentration of the emitted active ingredient at a particular
time and this finding confirmed the result of a previously published study by Rodriguez

et al. 2017) from their laboratory assay on a similar repellent’s products.

The ‘Anti-mozzie camping outdoor and indoor’ cream was the second most active
repellent product in this study and again it is a natural product containing citronella oil
as the main ingredient that is combined with lemon grass oils, which is also a well-

documented insect repellent (Table 3.19)(Agrawal et al., 2017).

The Mosquito Guard™, a PMD-based repellent product, displayed excellent protection
against the An. gambiae mosquitoes. In this study, it was also found to be equally as
effective as DEET for a period of one hour (Table 3.19) (Govere et al., 2000b; Moore
et al. 2002). Interestingly, in some studies, PMD was reported to provide even more
protections than DEET (Moore et al., 2002; Diaz, 2016b; Carroll et al., 2019).

From the results of this study, the South African public can be scientifically advised for
an informed decision on the choice of a safe and effective repellent product. The

natural products: Medi-Scabiol™ soap, Antimozie™ camping indoor and outdoor
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cream, the pure beginning organic spray and Mylol™ perfumed repellent stick can be
used for a short personal protection from mosquito bites. But needs to be regularly
applied to ensure optimal protection over a long period being outside. While the
Tabard™ DEET based products and Mosquito Guard™ PMD based products can be
used for a long-term protection as reported in some previously published studies that

were ran for a longer period than this study (Rodriguez et al., 2017; Feuser et al., 2020)

4.7.2 Spatial activity index (SAl)

Spatial repellency refers to the ability of volatile mosquito repellents to diffuse in the air
to deter female Anopheles mosquitoes from entering the space around the susceptible
host and as such prevent the host from being bitten (Norris and Coats, 2017). A spatial
repellent is an alternative approach to the use of a contact repellent. The SAl is the
measure of the movement of the mosquitoes away from the human odour in the
present of the mosquito repellent, it is a measure used to determine the spatial
repellence of a repellent chemical (O'Neal et al., 2019; WHO, 2013).

Nine of the tested repellent products displayed some form of spatial repellence (Table
3.20). The repellent with the highest spatial repellence was All-natural Guard™ product
which is a natural mosquito repellent made from plant extracts, comprising of 750mg
of Chrysanthemum cineriae folium and 6900mg Azadirahta indica extract. The
repellent and irritant effects of these plants have previously demonstrated by Deletre
et al. (2013b). Whilst Mosquito Guard™ containing PMD was shown to have a SAl of
0.15 £ 0.03 indicating it could be used as spatial repellent, as demonstrated by Menger

et al. (2014) using a push-pull system to reduce house entry of malaria mosquitoes.

Presently most spatial repellents are in the form of a mosquito coils containing a
pyrethroid (Ogoma et al., 2012). Pyrethroid is proposed to inhibit insect behaviour not
through targeting the voltage gated sodium channel, but instead inhibiting the response
of an odorant receptors to attractants in a similar way to PMD and nepetalactone
Ogoma et al., 2012; Bohbot et al., 2011). In contrast, DEET-containing products
(Tabard™) were found to be weakly attractant with a SAl of -0.03 + 0.11 (Table 3.20).
When compared with it overall percentage protection of 99.14 + 0.87%, this shows that
DEET is a good contact repellent and poor spatial repellent. This corroborates the
observations by Bernier et al. (2005) on the spatial repellence of DEET and

nepetalactone, an essential component of catnip oil.
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The ideal compound repellent compound would be one that could have spatial
repellency along with adulticidal properties, thereby interrupting the life cycle of the
parasite and decreasing the transmission of malaria. The adulticidal properties of these
commercially available products would need to be evaluated to fully assess the

effectiveness in interrupting the transmission of malaria.

4.8 Limitations

4.8.1 Part one - Cross sectional survey

The main limitation of the Part one of this cross-sectional survey, was low
representation of the public respondents from both countries due to the difficulty of
getting data from them. This was mainly due to the stigma of paper sharing following
the onset of the Covid-19 pandemic when not enough information was known on

transmission of the virus.

4.8.2 Parttwo - Repellent efficacy assay

The main limitation of the Part two efficacy assays was the duration of the experiment,
which was conducted for only an hour period. This is due to the difficulty in getting
volunteers that will stay for a longer period, hence the percentage protections of this
repellent were assessed for only one hour and this study cannot predict the highest

duration of protection of the tested repellent products.
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CHAPTER FIVE:
CONCLUSIONS

Appropriate malaria-related knowledge of targeted communities on malaria preventive
measures and mosquito behaviours, like it breeding sites, is critical for a successful
malaria control programme (Teklemariam, 2018). Good malaria-related knowledge
along with a positive attitude on malaria will maximum the outcome of any planned
malaria interventional program (Teklemariam, 2018). The government needs the
support of the public and HCPs to “beat malaria”. Even if all possible malaria control
tools are provided, these can only be effective with an active community involvement

and their empowerment with malaria-related knowledge (Adedotun et al., 2010).

To the best of my knowledge this is the first study that compared the malaria-related
knowledge and prevention between South Africa and Nigeria. The differences
observed can serve as a learning point especially for the Nigerian policy makers to
learn from the South African malaria control and elimination strategies through an
increased malaria-related health promotion activity, to increase the awareness of the

citizens about malaria and preventive measures.

Despite the good knowledge of the HCPs on management of malaria and their
adherence to the treatment guideline, further insight is required as to whether the
choice of first line medications to treat and prevent malaria stem from personal
experiences in the clinical setting or when taking the medication themselves. In
addition, clarify needs to be sought as to when last the HCPs were informed of the
latest malaria prevention and treatment guidelines to correlate this to their slightly
outdated choices of using quinine as the first-line agent to treat mild to moderate
malaria. This re-enforces the recommendation for continued education through
seminars for the HCPs in both countries and through all forms of multimedia to reach

the public to address some noted misconceptions.

By further educating all population groups in both countries, additional prevention and
control measures could become more familiar to communities and be used in
conjunction with LLINs, such as IRS, health promotion and case management.
Through workshops and media, the importance of removing breeding sites to prevent
mosquitoes from breeding and continuing the life cycle of malaria, would be essential.

Education could ensure many in the communities are more aware of the dangers of
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malaria such that they seek medical attention within 24 hours of presenting with malaria

symptom and decrease the mortality rate in our two countries.

In the second part of this study, insect repellents were investigated. To the best of my
knowledge, this is the first survey that collate all the mosquito repellent products sold
in Johannesburg, South Africa. This study had supported the academia in the field of
malaria with some malariotomeric indices from two geographically distinct countries
(South Africa and Nigeria).

The online and market survey revealed almost one hundred different repellent products
sold in Johannesburg, South Africa. The online purchase of the repellents was found
to be higher than the market purchase of the mosquito repellent products. However,
only slightly more than half of this products was found to be approved by the South
African Health Products Regulatory Authority (SAHPRA). Most of the surveyed
products were plant based with citronella oil being the most common active ingredient

seen in most of the products.

Despite the good efficacy of all fifteen repellent products tested for a short period of
personal protection from mosquito bites, it will be necessary to lengthen the testing
time to ascertain their long-term protection. Finally, it is well documented that providing
an efficient malaria-related health education to the communities in malaria endemic
areas, will improve their understanding of malaria, and improve their attitude on malaria
prevention which may lead to malaria control and elimination from the country (Al-
Adhroey et al., 2010). Hence, the results of this study can serve as a guidance for the
citizens of South Africa and Africa on the choice of a safe and effective repellent

product.

Education is key to ensuring the public and HCPs are continuously reminded and
updated on the methods to prevent malaria as well as treat an infection. By using a
multimedia approach to reach the masses, it will support any government initiatives to
stop malaria transmission and end malaria cases in the country. But complacency by
the public and the government should be warned against to ensure all fundamental
actions are taken and the government provides constant un waivered support to these

programs.
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APPENDIX A

Approval to use to modify data collection instrument (Questionnaire).

S April 2019,
FE: REQLUFST FOR PERMISSION TO USE SURYDY IMNETRUMENT.
Dear Mr. Sermain Gil Fadonou,

My hame is Mustapha Halidu Aliere. and | am a Phasrmacology Masters sfudent (MSc
ked) by dissertation at the Faculty of Health Scienoes, Univarsity of the Witwatersrand,
Sauth Africa. My resaarch lopic iz titled: Knowledge, attitudes and perceptions on the
management of Malaria and evaluation of efficacy of the available mosgWito repellants in
Jdohanneskurg, South Africa. The project will be supervised by Profossor Fobyn Wan 2y
and Frofessor Sholly Schmolarber,

Siro | oamn reguesling your prmission 1o give me zcoess and to use your research
gquestiannaire which you used for vour research paper liled: knowledge- Athilodes-
Fractices about malasia armeng communities in Southermn Benin, FPublished in Intcmational
Journal of Public Health Science, Waol, 7, Mo, 3 On September, 2018,

Pwill use this questicnnaire only far my res darch project and the copyright statemant will
be included on all copies of the instrumenl,

It you agree and grant me permissicn ta use the research instrument please indicate 2o
by signing this latter and returning it o me togethen with the copy aof the research
irstrurnznl via this e—mail (TR GEa I sl e ata wils pooaa)

Altsrnatively, you may pravide me a signod letter ackirowledging that YOu grant me
permizsion lo use the study instrument and return it to me via 1he abovs e-mail address
with & sopy of the research instrument,

Thank you for your tirne and consideration in this matter,
Wours sincereiy,

Dr. Mustapha Halidu Alieng,

(MBRS, Maslers Student),

Department of Phaimacy and Fharmaaoiogy.
University of the Witwalersrand.
Johanneshurg,

Souwth Africs.

Approved by

- Germain Gil Padonou __2RMRO1a
Date

Euveipniud-{ ‘hervhentr Fhik s, IMEA

Hivectenr die Llenie e 12eclicrshe Entimagangi o ve e Codonar
ELSL e mElr AP35 ol 1 1 bt re
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Cewtre de Hechervhs En Lemen lemig ue de §lodnmg A s e S48
Favules des Seivoces o Techniques | Eloiwersits dU A srmay -0 sl
Vel - Q022 $TIR0G15 F M2 24 484850 i
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APPENDIX B

Questionnaire

Confidential Confidential

Comparative Studies on Knowledge, attittudes and o e
perception on management of malaria between the

1.6 Whiat s the: name of this hespitai? (3 Chris Hani Bragwanath Acadermic Haspital

malaria endemic and malaria non-endemic areas and ) Chariotte Maxrke |channesburg Ansdemic Hospita
Q) Helen ) h Hos ]

efficacy of commerciall * available mosquito repellents in O et e e Wi Kebbi

Johannesburg, South Africa. O Sir Yahya Memerial Haspita

Good day, 1.7 Duration of Experienceiyears)

n
My name is Or Mustagha Halidu Aliera and | am a masters by dssertation student in the Divisicn of Pharmacoiogy, 18 07 shiuymit, plaich wht bt your Acacinnic lwel?

Department of Pharmacy and Prarmacclogy. Scheal of Therapeutics Sclences, Faculty of Heash Sciences, Unhversity
of the Witwatersrand, johannesturg. | am working on a research project titlec: Comparative Studies cn Knowledge,

attittudes and perception on management of malaria between the malaria endemic and mafaria nervendemic aress 19 K studene, please Are you? Q) Undes graduate
and efficacy of commercally avaiable mosguto repelients in johannesburg, South Africa. ) Pust gracuate
Thee i af this research project s to assess the knowledge of the shudy poniation which ki petiets, Scents 120 Survey Courtry's name? oN

and health care providers on malaria and their attitsdes and perceptions on its manage ment and prevention, and to 5 s S Arica
Identify the nesabie and effectve mosguitn repellents out of the many commercially mariceted products to
consumers, in johannesbug, South Africa. As part of this project | would like to invite you to take part in answering

thi brief
s wery brief questicnnaire. SECTION 2: KNOWLEDGE ON MALARIA SYMPTOMS AND TRANSMISSIONS.

By participating in shis survey. you are indicating your consent and you understand that your responses ane

Sy o e b s Ll o o 2.1 Whatt are the most important sympéoms of malaria? EE‘\IT:;
Theere are no right or wrong answers, all responses are equally important. E :L,“ “:‘,:

[] Nausea and womiting
O Abdominal pain

O Convutsions

[ bl of the sbave

[ 1 dan'® ks

Thiani you. | reaily appreciate your help!

2.2 What is the mode of transmission of malaria? Infected female anapheles masquits bites
Related to chmatic changes

SECTION 1: DEMOGRAPHIC INFORMATION Q) Related to eating contaminated food
) Relsted to swimming in rvers and ponds
11 Gender Q) Male ) None of the abave
() Femaie ) I don'® know
O Cehers
2.3 In Wiich season of the year malara is mare comman Rany oo
1.2 Age (fears) in your country
Q rn.e-::s i nmemu
O 1 ot knat
1.3 'What is your highest bevel of education? () No schaaling
U Primary leves 2.4 What is the source of your information about [ Radio and Televisicn
O Seccndary level malaria? O Hosprals.
O Tertiary lewel O Schocts
[] Friends
- [ News papers
15 Occupational Status 8 Dexcte H cther
Pharmacist
Laboratory Schentist If cther please explain
O Prysiotherapist
) Students
3 Csher

If athers, Piease explain?

11082071 0 [ (= (o1 Frp—— wraiansa REDCap
Confidential Confidential
rage s s
2% Which of the folicwing are the strategies for [ Long lasting insecticides treated nets (LLITs) 3.3 What is the recommended first line treabment of Q) v Quinine
mataria control in your couriry? ] Incioar residus spray {IRS) severe malaria In your country? Q) LV Artesurate
L] Heaitn promoton O M artemeter
[ Case management: &) LM Enlroguine
] Larval Source management O 1 doris Kinow
O gehers O Mone of the above
O dan's know
3.4 For pregnant women in st timesters and infant o
2.6 What is the breeding piace: of maosquioes? 0 Standing waber weighing less than five kicgram, what & the ]
O sad Preparen trescment of an uncompicated malara? o
) Garbage Q
91 cari® Know s}
o
2.7 Do you think you have enough informaticn an Yes
mataria? Mo 3% Which of the foliowsng isjare the rationaly
approved dnagls for malaria prophylaxis in your
2.8 If no, what information would you like o ges O information on reatment country!
bt mataria? [ Infarmation on contro
(mudtiple responzes allowed) [ Irformaticn en oreversion
O Mature of the discase
] Any information
[ Sigres and symptams. 3.6 Which of the following are cormect recommended [ Doorycycling- Ta be start one day befare entering &
L Ceher speci prophiylactic regimenis in your courtry? miaria area, then daily while thers and daily for
four weeks after leaving the malara anea
1 ot applicatie O Meficaune-To be sart at least ce week before
eniering a maaria anea, then weekly while tere
and weekiy for four wesks after leaving the
I cthers please specify ey ¥
] Atowacusane proguani-Ta be start cne to two days
before entering a malaria area, then daily whie
2.9 Do you think malaria can cause Anaermis? Q) Yes there and disly for seven days after leaving the
Sre rmataria area
O etk
2.0 Have you or any of your Ramily member ever O ves 01 Mo of the sbave
receiver blood a3 a resul of Malaria? s 1™
3T Which of the followeng ars the cortra indeationis [ Hiszary of epilepsy or paychiatric (iness.
to the use severe reactions to mefloguine
SECTION 3: KNOWLEDGE ON MALARIA MANAGEMENT. [ i mighing s than five Kiogrars
NOTE: If you are a health care provider,please answer this section. If not proceed ko section 4 151 Unefertyiig Camdine comduction disturbonce or
2.1 How is malaria dagnosed? O History and cinical examination anbothele.
Micruseopy
O Rapid diagnestic test{ROT) 3.8 Daxycycline i contraindicated in Pregrancy? Q True
] All of the abave ©) False.
[ Mone of the abave
O ¥ donrx konowe 29 Mefioquing = the Drug of chace for prophyiaxts QO True
far a pregnant women at risk of malaria O False:
32 What is the: recommended frst line treatment of € eral quinine
an uncomplicated maaria in your country? Q) Aremether lumefankine
Q) Primaguine
Areounate
Mefloouine
1| darr® Know
© Mone of the above
[rt— smitcanen REDCaD Pr—— smttane REDCap
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Confidential

Page s

3,10 Wiich of these dosages of Arthemeter
2img+Lumefanterine 120mg bjare comect according to
the patient weight?

[0 %< 15 kig: Ore tablet stat, foliowed by one
tablet after eight hours and then ane tablets
maming and evening on each of the following two
s (botal course = six tablets).

[ %= 25 ky: Two tablets stat, followed by two
tablets after &gt hours and then twe tablets
maming and evening on each of the following two

{total course = 12 tablets)

[ 2%-< 38 kg: Three tablets stat, folowed by three
tablets after eight hours and then three tadiets
miarming and evening on each of the following twe
days (botal course = 18 tablets)

[0 3%-< &8 kg: Four tablets stat, foliowed by four
tablets after eight hours and then four tablets
maming and evening on each of the following twe
days [botal course = 24 tablets).

[ =65 ky- Dose as for these aboveds kg

O Al of te sbave

[ Mone of the abave

O can't remember

311 Which of these information do you think al
patients diagnosed with mataria need to knaw?

[0 Takes & doses & directed, Coartem can be taken
with fat containing food or drink

[0 Fatlent should take endugh fuids and paracetamol
for fever (not antsinflammatony)

[0 Patient should expect improvement within 24-28hrs
and resurn to thee hospital if they remain
wrwell or thelr temperature dossn't subside afber
three days.

[ Patient should retum to the hosaltal if vomiting
or deteriorating in anyway (e.g become sieepy,
confused or jaundiced)

3.12 Winch of these do you think &/ are the
respansibilities of all heakth workers in both malaria
endemic and nonvendemic aress in order to schieve the
aminkious targets of malaria eimination in South

Africa (South Aficans only)?

[ Encouraging early treatment seeking within 24 to
48 hours.

[ Maintaining a high index cf susaicion to engsure
promt dagroste: testing of all patients with
malaria symptoms wha are resident in, or have
recently travelled to, 2 mataria anea.

O In those whe test malaris posithes, ssess dsease
severity and start effective teatment immediately
depending on disease severty.

[ hotify each and every case (ncluding all imported
cases in non-endemic aress).

[ Monitor adequacy of respanse to trestment.

areas , ane non-mmune and are therefore at increassd
risk of develoning severe malaria (South Africans

oyl

113 Please do you always educate your patients about Q) fes
the information you selected in question 3117 Qe
3.4 Do you belleve that amest all South Africans, O tes
inchuding residents of seasonal malaria transmission Qe

115 Is Malaria a notifiabie disease in your country?

LB 0810

8w

projeciradzap.sn *E DCEP-

Confidential
Page s
3,16 From your clinical experence which of these () Artesunate
antimalarial drugs do you think s the mest effectve O Guinine
in management of severe malaria? Artemether
Chioroguine
Equally effective
O] don'® know
317 Which province s the most aflected in case of () Eastem Cape
an odyssean malan] infectsd mesquitces being Q) Free State
accdentally transported to nen-endemic aress and Gauteng
trarsmit malaria) In South Africa? [South Africans EwaZun-hatal
oniyl. Limpopa
() Mpurnaianga
Morthem Cape
Mortn West
Wester Cape
1,18 What i the dese of an LV Aresunate fora
Patlents weighing grester than 20kg?
319 What i the dose of an LV Aresunate for a
peatient weighing less than 2!
330 The Goal of the Kational Mafaria elimination Yes
program 2014-2020 in Nigerta s to reduce malara No
brurdieen to pre-slimination levels and bring
malaria-related mortality to zera: has this being
achieved ? {Nigerians onfy).
321 The recommended drug for the intermitent ) Guining
preventive therapy of malara in pregnancy {[FTph is? Subsdnxine Pyrimetherming
[Higerans only). Arthemeterumefanrine
Oral Atesnate
Deaycyeling
() None of the abave

SECTION 4: ATTITUDES AND PRACTICES REGARDING MALARIA

4.1 Do you think malara s a preventable dsease?

fes
No

4.2 Which of these do you think will provde persanal
protection against malaria?

[ Long |asting insecticide treated nets(LLiKs)
[] Mosguines repellents

[ Clean environment

[ Antimalarial prophylasis

[ Sessonal Malsrda Chemoprevention.

[ Larval Source mansgement

[ Al of the abave
[ Cehers specify
[ don'e know

If ather spedfy

4.3 Hawe you ever used masguito repelents? O Yes
Cife

JLELE SN )

projeciraicap.sn *EDCEP.
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Confidential Confidential
Page T Page ¥
4.4 If yes, phease can you dentify the type you used? [] Feaceh seen 4.14 If you discontinue the drug due to the side [ Yomitng
[ Tabard effect, please can you identify some of them? [ Headsche
O Maz-free [0 Abdorminal pain
[ Ne= squitn [ Dizziness
[0 Masgusn Co O Anarexa
[ Maortein mesquitn Spray [ Nausea
(eher specify [ other specify
[ | can't remember [0 Can't remember
If ather, can you please specify? If cther pleass exalain
4% Hawe you ever experienced any reaction from the 0 Yes 4.15 Do you have any of these Pathological/ O Exilepsy or any Psychistric lliness
repellents? Ol Physological cond tionis? [ Blesding disarers
E Fregnancy
416 If yes, please what type! [ itching or stinging sensation Braesanlo grivis
O Faln [ Hore
[ Rashes
[0 Gehers 4.16 Whichof of these propiylactic drugs have you [ Mefloqune
O can't remember ever used? [ Dexycyeline
[ Atovaguone:Froguanil
[0 Can't remember
4.7 Pearse o you think the repelents are helpful? 8:‘: [ Wt applicatie
() Undecided
417 If ferale, HI-EHSCM'I'U;I ever used any of these () Mefloguine
prophiylasds during pregnancy? () Dexycyeline
418 Have you ever had malaria? 8 :‘:: 0 Atowauone Froguanl
y ) Suifadaxine-pyrimethamine
() Can't remember &) Can't remember
() nat applicable
49 How so0n after suspecting you are infected with O Cme day (within 24nrs)
malaria would you seek for trestment? 0 -2 days
() 46 days
(0 7 days or more
O Net applicable
410 If you would not seek treatmet immediately what
would you de?
4.11 Phease can you |dentify the type of Antimalarial [ Coartem
drugls you have ever used? O Geirine
[ Fansider
O Aresunate
[ Pehlaxin
[0 Camosunate
O teher
412 Do you always complete the drug as prescribed? Q) Yes
ONe
413 If o why? [ Duse to the sde effects.
[0 | harwe recovered.
[0 Ben't lliee the medication,
[ | can't remember.
140021 i:30 prjilra sy ﬂEDCap‘ 14001 20 sy TE DCap' o
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APPENDIX C1

Consent form.

Consent form
1) | have been given Participant Information Sheet which explains the nature and all the
processes involved in this study.
2) | was given enough time to read it and | understood what my participation means in this
shudy.
3) |'was given enough time to ask questions and | am satisfied with all the responses giving
to me.

4)
3)

6)

T)

| fully understand why this study iz been conducted and the expected outcomes.

| fully understand that | will not receive any immediate benefit for participation in this study,
also my participation will not cost me anything except the few minutes | will spend in
completing the study Questionnaire.

| understand that even if | initially consented to participate, | may choose not answer any
guestion and | can withdraw without given any reason. The initial data | supplied can only
be used with my permission otherwise it will be destroyed.

| understand | can contact the investigator, his supervisor or Ethics committee through the
contact details supplied below if | have any concemed about this study.

Principal investigator: Halidu Mustapha Aliero, +27 84 7160 321,

JoceedSipstudents wits acza

Supervisor: Professor Robyn van 2yl, +27 83 313 022, Fobyn VanZyl@wits ac.za.

Ethics Committee: Professor CB Penny, Chairperson of the Human Research Ethics
Committee (Medical) at the University of Witwatersrand, on telephone no. 011 717 2301, or by
e-mail at Clement Penny@wits.ac_za. Ms. £ Ndlowu or Mr Rhulani Mkansi, Committee
Secretariat, telephone nos_: 011 717 2700 or 1234, or by e-mail at: Zanele Ndlow@wits.ac.za or
Rhulani Mkansi@wits.ac. za.

Participant Signature or mark:

Witnessed by:

Name of Winess:
Signature:

Date:
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APPENDIX C2

Participant information Sheet.

School of Therapeutic Sciences e —_—
Pharmacology Division @- W I I H
Department of Fharmaoy and Pharmaoology LIMIVERS T

Faculy of Henlh Scarom: - Prvaie Sag 3. W, 2050, Soutt Ace
Tak =2F 11 F¥ 336 - E-rmit Fiobyn weeyifiets o o © g b po g Mondey, February 21, 2022
Dear Polental Particpant,

Ky name |5 Dr Musiapha Haldu Allero and | am a masiers by disseriation student In the Division of
Pramacaiogy, Denarment of Phamiacy and Phamacology, School of Themspeutics Scences, Faculty of
Heaith Soiences, NSy of the Witwalersrand, Johannesoung. | am working on 3 reseancn project thed:
Maiaria related knowiedge and revention practices: A comparative study Detween South Africa and Migerta;
and eMicacy of commenaly- Sallanke mosquinn repslans The 3im of this MSE2antn project IS 10 a55ess the
knowisdge of the study population which inciudes patierts, studerts and heaith care providers on maiana and
hair aifiudes and perantions on 15 Manageman and prevention In Bimin Ksobl Metopadls, Migena and
Jotannesburg, South Afvica, and fo ldendty the reliable and effective mosguito repsilents out of e many
commenzally Merkied products D CONSUMENs N JoNannesturg, South Afica, A part of this project | woulkd
1k b Invie you 10 3ke part In answenng 3 questionnaie. The Sy arsas for this sudy Induos Feoeral
Meadical Cente Bimin Kabbl, Sr Yahwa Memora hosplial, Charofie Maxeke Johannesbung Academic

Hogpial, Chins Hanl Bragwanath Hospital and Helen Jasaph Hospital. The questionraire 15 very oner and will
take an approddmate of 20 mirees or less. The guestornalne can be adminkisred Trough emal o papsr and
e Oepnding On YOur prefesnce.

Farticipanis wil be asked about thelr inowiedge, atifiudes and perceptons on malarda and s management
accoming to the Migerian and south Afican malana reaiments quidelings. Thers ks not any Knoan or
antcipabed risk to paridpation In this study and you wil not receive amy drect benafi! from partigpating In this
shudy. Partidpation |5 voluntary and there are no dsadvantzges or penaties for not particpating. You may
withdraw at any Tme or not answer any quesTon [ you donot wart 1o, The sunsey will be completely confidental
and anonymous a5 | will not be asking for your name or any [demifying information, and the Information you
give to me wil e hald secunedy and not disciosed to amyone else. The dats from this questionraire will be
aggregated s0 that no single response wil be Ideniifed.

I your e any quesions afterwands abour this research, izl free to comact me on the detals listed Delow.
This study will be wrilhen up 25 a thesks which will be avallabie onling through the university lbrary website. it
may aso be published In sdentfc joumals and presanted at academic mestings, but your identily will not be
revaaled. I you wish 1o recelve 3 sumimary of this report, | will be happy bo-send i %0 you upon reguest. I you
e any quenes, ConceTs, o complaints reganding the elhical procedures of Tilks study, you are welcome o
contact me Universty Human Research Ethics Commities (medcal), telephone +27(0011 717 1403, emal:
hrec- medical ressamhifywits ac 78", Shaun Schoemangpwits. acza

YOUMS Sincanaly,

O Musiapha Halldu Allera, 19656455 students wits.ac 23, 034 718 0321 (Sutent)

Professor Roiyn van Zyl, Robyn vanZylgpwiis.ac.za, 083 312 0235 (Superdsor)

Professor Shelley Schmalignuper, Shelley. Schmalgrubeng ats.ac 23 [Supenison).
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APPENDIX D

SOPs and Consent form for efficacy assays

School of Therapeutic Sciences
Pharmacology DIvision
of Fharmaoy and

@ WITS

UNIVERS I TY

STANDARD OPERATING PROCEDURE
FOR NON-CONTACT MOSQUITO REPELLENTS EFFICACY ASSAY

EQUIPMENT /CONSUMABLES:
*  Two sided plastic nettd chamber *  Fragrantfunscented soep
*+  azpirstor v Towel
*  Stop watch +  70% Etharal
*  Testand Control repelients *  Distiled water
+ Plasticapplication gria +  Participantinformation & Consent farm
[20cm (length) x 2 Scm [wictn| *  Dat=Sheet

*  Antinistamine

PROTOCOL:

OMNE WEEK BEFORE THE EXPERIMENT:

Bafare initinting assay, allow the participant to nead the information sheet and sign the consent ferm.

to compilete the questi Defore Senicr P
participant matches the criteris for incusion in the stucy.

Ensure the Consent farm is suizn oy Senior Technician/Supervisor.

ApYy the repelient to a 2om by 2cm ares on the forearm £ ensure there is
NG reaction or sensitivity to the repelient.

Monitar for skin sensitivity.

1# skin sensitivity occurs, wash the arm extensivedy with warm water and unscented soap.
Apaly an antihistamine fcorticostercid cream HFPf&i to relieve the irritation.

If participant complies with inciusion criteria, the participant should be informed not ta
smake, appiy Ssocarant, perfumes or repelient praducts far 12 hours befare testing begins

DAY OF EXPERIMENT:

‘Check apperatus and chamber netting is intact

DAain 20 pathagen-fres female masquitoes 3-7 Says post emergence reanedin the WRIM inseciary.

MOTE: they should have been starvec for 12 howrs anc not pr\evinusly hac 2
Bleod meal, but were fad with ghucnse suger

Transfer mosquitoes into the Test chamber with the heip of an aspirator.

Allow mosquitoes to rest for 13 minutes to sccimatize to the test emvironment.

Imstruct participant to ciean bath their arms fram =ioow to the wrist with
= fragrant-free soap and dry with 2 clean owel.

Place bath arms 2 cm above the net at sither side of both chambers to
test the readiness of the mosquitoes to fesds/oites.

Apgly the repeliant formuiation on the anterior aspects (front| of the participant's right arm
gver plastic 2pplication grid (ta ensure same contact aren cavered for each experiment)

The beft mrm will 8ct az an untreated control

Both the right [Tast] and left [Contral] arms will 5e placed sbove the net
st the either sice of the chambers for 13 minutes.

At 13-minute imbervak, count the numBer of masquitoes that Iand o the net st both chambers,
for & pericd of one hour [faur counts at: 13, 30, 43 and 50 minutes)

jent farmulation with different volnteers.

Repent the experiment 3 times for each rej

The Technician or Senior Postgraduate student should enter the dets immediately in to
‘the cata collection sheet 21 the end of each count.

Count the numser of moribund masquitoes at the end of the test [after the last count].
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Ay MoEgito Tt cihnok and [= ¢ fas 1o
2ieg

4 Any mozcuits that cinnot figin 8
oartinated manrer

% Amaosguito thet lies an it back, moving legs

ancwings but unable to ke oT
@ A'ms;?nmmnmwnlzw

Driely but falts down immedist

Instruct perticipant to wash arms with fragrant-free scap and warm water, followed
by 7% wrm wstar i
Check for redness of the skin.

Oy one repaliants formulstion will be tested per day.

Clean the test chambers and plastic application grid with the
Hot water st the &nd of the procedurs.
Air cry chamaers to be used the pat day.

Dispose of the dead [Killed throush refrizeration|| mosquitses by Wrapping with paper towe| snd sizcard ins
bishazerd bin

Clean mll surfsces with 70% ethanal snd giscard 2l waste
and consumanies in desi i i

B

School of Therapeutic Sciences Py s
Pharmacology Division @ WI I \)
oy and

UNIVERSIT

Study title: The Mesquits Rapeliant and
Compounds.

{ Brogartics of Novel Synthatic and Natural

Dear Potential Purticipul!l

My name iz Professar Rabyn van 2yl, Pharmacalogy Research Co-ordinator of the WITS Reszarch Institate
of Mataria [WRIM) in the Faculty of Health Sciences 22 the University of the Witwatersrand, where we are
undertaking research on the efficacy of insect/mosquits repelients and their insecticidal properties.

In this stidy, we want ta learn more about what Stracts mosquitoes to certain people and not others. in
ncdition, there are numerous products commercially avsilshle online or from stores or strest vendars, with
the majority them not Deen approved Dy the South African Standards Buresu or validsted scemtificaly.
Effective and safe malaria prophylasis is critical to prevent maleria infections. The efficacy of the praducts
varying from physical barriers, chemicals [traditional or synthetic origin] or siectronic devices lure the
community ko believe they are being adequately protected, but if not applied or used comrectly, no protection
will bz gffered. As such thiz study will investizete the sttraction of the mosquito to & host and then the test
repelient naturaysynthetic compound or electronic cevice) will be appied and compared to the smndard
repelient [DEET). The ‘arm-on-cage’ methodokagy will 52 uzed such that the voluntzer iz ot bitten by the
masquita, ut their arms will e Lsed to atiract the MOsguits to catermine sttraction or repellent rate at 13

minute intervals over an hour. Each volumteer will act a5 their o'wn control where ane arm will oe repelient-

fres and the otherarm wil have P plie. By parti i thiz study, you will azsist Lzin geining
further knowiedge: as to which natural and synthetic compound or electranic device has the potential to
effectively prevent mosquita bites in cur papulstion and reuce the risk of maaris infections. Az such, we

inwite you to take part in this rasearch study.

The duiEn of the eJlFHf'nem.i and spparatus to be used wil prewvent you from I:e'n; bitten by the
miasquitass, which will 5z pathagen-fres to prevent infections. Ta manitar for any passikis sensitivities to the
mmma\:iully wsilable or. n!mb's_\'nmeﬁc products, & spat S!nsiﬁ\litym will D& Gone one wesk Defore the

repelient is to be applied to the |ower half of your arm. There is na other Inown or anticipated fisks to
participation in this study.

Yo will rot receive sny diract bnafit from Flﬂjdpﬂ.ﬁrs in thiz study, bt the outcame for your own cats
and overall putcome of the study will be made available to o Paniciput.inn is waluntany and there are no
cisatvantages or penalties far not participeting, You may withdraw at ary time or not answer any question it
fou 3o rot want to. The !er!'r‘*'ill oe i thail

e give to me will 5e hald

securely and net pulically disciosed. The deta from the study will be aggregated 5o that o single response
will be identified.
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. . - Il
If yeu hawe any questions afizrwards about this reszanch, feel fres to contact me on the deteis lizted below.

This study will be written up a3 2 puslication or used in postgraduate student cutputs, which will oe available ssﬂml of Ther.;:euﬁc Sciences W I I g,
) : o A o armacology Division @ h
online through the WITS University fbrary website. It wil be presented at academic mestings, but your identity Diopartmert of Pharmaay and Pharmaoslogy el
will it be reveslied. If you wish to reczive 8 summary of this report, | will be happy to r=nd it to you upan
request
This studly has bean appeaved by the Human Research Ethics Committes |Megical] efthe University of the PARTICIPANT CONSENT SHEET

Wwitwat: Ind, Jahani [*Committee~]. & prindpal functi f this Comemittes is to afzzuard th
R, mesturg (*Cammittee~]. & peindpe 7 o Tl Eammitees {3 13 safegard e Study title: The Mosguits Repellant and [nsecticidal Properties of Nowel Spnthetic and Naturs!
rights and dignity of all human subjects who agres to particpate in a research project and the integrity of the
5 N i grestoperti P9} il Compounds
ressarch.

[

| have been given 3 Participant Information Sheet which explains the nature and processes

It you hawe &Ny concern over the way the stucty is being congucted, please contact the Chairerson of this inwolved in this study, which iz attached hereto;

Committee who iz Frafessor Clement Penny, wha may be contacted on tele phane amaer 044 717 2304, ar 2. |was given time to read it, or had it read to me, in the language | best understand;
by e-mail on Clement. Pennyi@wits 2c.z. The telephone numaers for the Committes secretarist are 011717 3. Iwas given time to sk any questions | wanted to and fourd any answers given to me to be

2700/1234 and the =-mail addresses ars Zanele NeliovuBwits.ac 22 and Rhulen Muksnsifhwits ez reaanabie and satizfactory;

4. I believe | fully understand why the stidy is being conducted and what the intended outcomes
‘Thank you for rexding this Stucy information Sheat. will be; } . . .
’ 5. lunderstand that there will be no immediate benefit to me, should | agree to participate, nor
. will | recefve any payment; conversely, participation will not cost me anything but my time;
Vours sircerely, P .
6. | understand that, even if | initially consent to take part in the study, | may subseguently
Pratessor Robyn van 2y, withdraw st any time and would nat e required to give any ressans; if that happened, any
Fobyn.vanzyl@wits acas, data collected about me for the purposes of the study would immedistely be cestroyed, unless
041-747-2271 | give: consent for it to be retained
OE3 o 7. | have been given a range of contact details, listed below. If | require further information or

become concerned sbout any aspect of this study | am free to speak to any of these contacis.

Contact details:
Frofessor Robyn van Zyl, Frindpal investigator, teleghone no. 011-717-2274, or by e-mail at
Fobyn.vanZylEhwits.acza,

Frofassor C& Panny, C_’ml'!lnﬂnon of the Human Research Ethics Commities |’Mnn1m.'|| at the \'..'ﬂim'si[:f of
Witwotarsrond, on talagirang o. 011 717 2304, or by e-mail 0t Cument FennySwits.ocag.

Ms. Z Netlovy or Mr Ruloni Miansi, Committes Secretarict, talgphons nos.: 011 717 2700 o 1234, or by &~
mail at: Zanaie. NdfovuBwits.or.20 or Rhuigni Miansi@wits.oc o

Name of Participant:

Date:

Place:

Signature or mark

Witnessed by:

Name of Witness:

Siznature:

Date:
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School of Therapeutic Sciences

Pharmacology Division N@’; W [ TS

Department of Pharmacy and Pharmacology UNIVERSITY

Pharmaceology Division / WRIM
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APPENDIX E

Repellent efficacy assays data collection sheet.

School of Therapeutic Sciences
f’:larmacm:gjrmmrﬂ“ @ V‘Vr ITS

_ UNIVERSITY

REPELLENT EFFICACY ASSAY DATA COLLECTION SHEET :
EFFICACY ASSAY Code:

FPRODUCT NAME:

PRODULT CONCENTRATION:

MOSQUITO SPECIE,

SOURCE:

NAME OF MOSQUITOES SUPFLEER:
ASEAY ROOM TEMFERATURE:
HOURS OF STABBING:
AGE IN DAYS:

Kumbeer of the itoes in at
Numbir of the mosquitoes in the migdle chambser st 60 minutes:
Numbeer of an Undecided mosquitoes in both chambers at 60 minutes:

Number of Moribund Masguitoes:
Student signature;
Technicion signaturs;

Check: Volunteer has rexd the information sheet and signed the consent form:

File signed consent form in Volunteer folder.

ASSAY NUMBER ONE.

DATE OF AN ASSAY: Age=
Time of the day: Gender=
Number of mosquitoss on the traated Arm net at 15 minutes:

Kumber of mesguitoss on Arm net at 15 minut

Number of the mosquitoes in the treated arm chamber at 15 minutes:

Number of the mosquitoes in the unireated ak 15 minut
Number of the mosquitoes in the middle chamber st 15 minutes:
Number of sn Undecised maosquitoes in both chambers at 15minutes:

Kumber of mesguitoss on Arm net at

Number of mosg on Arm et at

Number of the mosquitoes in the treated arm chamber at 30 minutes:

Number of the mosquitoes in the unireated at
Number of the mosquitoes in the migdle chamber st 30 minutes:

Number of sn Undecised masquitses in both chambers at 30 minutes:

Kumber of mesguitoss on Arm net at 45 minut
Number of mesquitoss on the untreated Arm net at 45 minutes:
Kumber of the mosquitoes in the treated arm chamber at 45 minutes:

Kumber of the in the untreated 45 i

q
Kumber of the mosquitoes in the middle chamber at 45 minutes:

Number of sn Undecised masquitses in both chambers at 45 minutes:

Kumber of mesguitoss on Arm net at

Kumber of mesguitoss on Arm net at

Number of the mosquitoes in the treated arm chamber at 60 minutes:

ASSAY NUMBER TWO.
DATE OF AN ASSAY: Age=
Time of the day: Gender

Number of mesguitoss on the treated Arm net at 15 minutes:

Number of mosguitoss on the untreated Arm net at 15 minutes:

Kumbeer of the itoes in ait 15 minutes:

Number of the in at 15 minutes:
Number of the mosquitoes in the middle chamber at 15 minutes:

Number of sn Undaciszd mesquitoes in Both chambsers at 15minutes:

Kumnber of mosguitoss on the treated Arm net at 30 minutes:
Numbeer of mesguitoes on the unireated Arm net at 30 minutes:

Number of the in at

Number of the in at

Kumber of the mosquitoes in the middle chamber at 30 minutes:

Number of sn Undaciszd mesquitoes in both chambers at 30 minutes:

Numbier of mosguitoss on the treated Arm nat at 45 minutes:
Number of mesguitoss on the unireated Arm net at 45 minutes:

Number of the in 45 minut

Kumber of the i in 45 minut

Numbir of the mosquitoes in the migdle chambser st 45 minutes:

Kumber of an Undecided mosquitoes in both chambers at 45 minutes:

Numbeer of mesguitoss on the treated Arm net at £0 minutes:
Kumbeer of mesguitoes on the unireated Arm net at 60 minutes:

Kumbeer of the itoes in at

Number of the in at
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Mumber of the mosquitoes in the untreated arm chamber at 60 minutes:

Mumber of the i in the middle chamber st &0

Mumber of mn Undecided mosquitoes in both chambsrs at 60 minutes:
Mumber of Moribund Mosguitoss:

Student signoture:

Techmicon sigaatere:

Check: Voluntesr has resd the information sheet and signed the consent form:
Fil signed conzent form in Voldunteer folder

FINAL ANALYSIS OF EFFICACY OF:

EFFICALY ASSAY Code:

FPRODUMT NAME:

FPRODULMT CONCENTRATIMON:

Aversge number of mosquitoes on the trested Arm= Totsl num ber of mosquitoes counted for all the test
Number of the test [2].

Attraction rate (%)=  Average number of guitioes omn the trested Arm =

Total mumber of mosguitoes used [20)

“aFesponding = N + Nt =
0

Spatial acowity index (SATF (e -IN1)
X %Fesponding =
(7 <N1)
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APPENDIX F

Protocol assessment committee and change of title approval letters.

Private Bag 3 Wits, 2050

LIMIVERSITY OF THE g Fao: 027117172118

WITWATERSREAMD Tel: 02711 TAT2076
I H AMMESBLIRL

References  Mrs Sandra Senn
E-mall: sandra. benni@wlls ac.23

27 Auguest 2019

Dr MA Hallgu Person Mo: 1965648
Federal University PAG
bl

1157

Nigeria

Dear Dr Mustapha Halkdu

Master of Sclence In Medicing: Approval of Tibe

We have pleasure In advising that your proposal entified Knowledge, siffudes and percepians on fhe
management of Malsrs and eficacy of the commercialy avalable mosquifoes mepeients
Johannesburg, Sowth Affca has been approved. Please nobe that any amendments o this Bfe have o
b endorsed by the Faculty’s higher degrees commities and formally approwed.

¥ours sincarely

[ A .

Mrs Sandra Benn

Faculty Registrar
Faculty of Healtn Sclencas
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Private Bag 3 Wits, 2050
LIMIVERSITY OF THE g Fan: 027117172119

WITWATERSRAMND Tal 02711 T1T2076
JOHAMMESHURG

Reference: Mrs Sandra Benn
E-mall: sandra bennifwlls ac.z3

03 January 2022
Dr WA Halidu Persan Mo: 1966648
Federal Unhvessity TAA
wenbi
1157
Higeria

Diear Or Mustapha Halldu

Master of Sclence In Medicing: Change of title of ressarch

| am pleased to Inform you that the following change In the tile of your Dissertation for the degree of
Master of Sclence in Medicing has been approved

Froam: Knowledge. atittudes and perceptions on the managemaent of Malarka and sfflcacy
of the commarclally avallable moaguitoss repeiisnts in Johannesburg. South

Alrica

Malarla related knowledge and prevention practices: A comparative study
betwesn South Africa and Migeria; and efMicacy of commarncially avallable
mosquite repellents.

¥ours sincarely

L{_..J‘g..{.—;-q.-*-

MiEs Sandra Benn
Faculty Registrar
Facalty of Health Sclencas
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APPENDIX G

Chris Hani Baragwanath Academic Hospital CEO’s approval letter.

BAEDICAL ADVISORY COMMITTEE

CHRZS HANI BARAGWANATH ACADEMIC HOSPITAL

s

) CONDUCT RESEARCH

Date: 24' July 20019

t of malaria and efficacy of the
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APPENDIX H

Charlotte Maxeke Johannesburg Academic Hospital CEO’s approval letter.

GAUTENG PROVINCE

i S‘ REPUBLIC OF SOUTH AFRICA
lt:l-l.lil.Hi.l.'.l'l'I'E MAXEKE JOHANMESEURG ACADEMIC HOSPITAL

Enquiriess:

s, N, Mzila

Office: of the Clinical Direclor

Emai: Nolwazi Mzia Bgauteng. goy 2a
Tl (1) 438-4R12

17 Saplember 20115

Dear Or. Mustapha Habdu Aliera

STUDY TITLE: Knowledge, Atfitudes and Perceplions on the Managament of Malaria and Efficacy of
the Commercially Available Spatial Mosquitoes Repellents in Johann esburg, South Africa,
Permizsion bo reviaw patient fla for conduction of #ha abowe mentionad shudy & provisional approwed. Yaur study can

anly commence once Ethics approval 5 oblaired. Pleass forwand a copy of your Ethics Clearance Certificate as soon as
the study is approwed by the Efics Commities for the CEO's office to give you tha final approval bo canduct the study

M. G:lBagesh
Chief Executive Officer
DATE: S0 - (0 G . 20001
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APPENDIX |

Helen Joseph hospital CEO’s approval letter.

GAUTENG PROVINCE

FEALTH
HEPUBLIC OF SOUTH A HLTa

Gaulerg Department of Health
Helen Josenh Hospital
Enguiries: Dr, F.G Bangon
Acting Chief Execidive Cffcer
Tel if 011) £489-030a1087

Fau :( 011} 726-5425

E il Fresw. Sensondfisgauben, goy, s
Date: T Sepbember 2019

Damr hdutsapha Sllars Halida

STUDY: Knowledge, attitydes and perceptions on the masagement of malaris &4 eFicsoy of the
commercily availzble masguitons repedent in lohannesburg South Africa

RESEARCHERS: Mutsagha Afera Halidw
GF_D01906_005
Ethics Number : M150657

Abowe the Study was discussed at the Research Committee maating, We recommend thas
peermission be granted for Helen faseph Hospital 1o be used as a sive for the abave research,
Hossesrer | simce this s indhvidual fPatients.

Upan complatian of the study, copy thereaf should be submitted ta Helen Joseph Hospital,
it is duty of the researches 1o collect the data to the relevant departmant aftar the Reseanch
Committes approved the shsdy,

Thark you
Ty
T
Dr. ¢ Bukansi
Helen kaseph Hospltal

Chairpersan
OATE:

A e

Hoe ~
D, E;v"ﬂ’l:rm'u

Hisben Joseph Hospital
Acting CHIEF EXECUTIVE OFFICER

DATE: LM.:IIlf,-' f*"/‘l
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APPENDIX J

Federal Medical Centre Birnin Kebbi HREC approval letter.

FEDERAL MEDICAL CENTRE

THEL: + 1M I8
! EMARL:
- ERALE | L35, FILRHEN - IR
KEBS4 STATE

§ Aliero,
pr. Mustapha Hu'hd:-, Seiences,

sehool of "“;’f“é’hm and Pharmacology,

u the approval of the Health Research Ethics
.,_-,-,m! — "““:r ,;mm“ﬁﬂ propusal  Ltled “Hnowhedpe, AlUitiusbes and
m.,.,'”'&:’” on Management of Malaria and efficacy of Commercially
jlable Mosguito Repellents in Birnin I'Eelﬁ_l. HKebbi  State, Nigeria
::;Jnhnunal‘huti, South Africa™ to be conducted in Federal Medical Centre,
Birnin Hebbd, Kebba Srate, Mige ia

: e Lo enBUTE SIEEL
ing th :nmunryaurrﬁeu:h“m:mumz.xqm
E:mn;fum: with rescarch protocols :i.1"|.-l‘J-1.Id_i1"IE confidentiality of data.

Accept assurances of the committee’s highest estesm,

Yours faithfully,

AL, o f>

- Dr. Monsadi K. Fasasi
Coasubant Ophithalmalogist,
Chuerman HHEL
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APPENDIX K

Sir Yahaya Memorial Hospital CEO’s approval letter.

SYMHBES08, 1 w R"n'.ﬁ.-' L34

Mustapha Halidu Alierq,
MEES and Master Studant

BE:- PERMISSION TO cospycy peseanck IH SIE

ra.a.n.:a MEMORIAL HOSPITAL, BIRNIN KEBSL

4 on 25 June:
I am unrﬁctpd

nagement has
arch which

With reference to your letter date
2020 on the abowe subject matber.

Eo wrlite and inform vou that, the mas
Approwed your reguest to conduct ResE 1E-
invelve the use af a structured - 5
administered guesticnnaires to health ﬂabffru
|boctors, Huraes, Pharmacist. bﬂﬂﬂfa"“f'
scientist and Radiologist etc) 4in 5ir Yahaya
Memorial Hospital, Bifkebbi.

The managemont is wishes you the best in your

conducting this reseacch.

Thank wyou for your usual cooperation please.

Umar Ahmad &/gaji
Hospital Secretary
Forz— Parm. Sec./T.H.D
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APPENDIX L

University of Witwatersrand Registrar’s approval letter.

UMIVERIITY (2F THE i

—
WITWATERSREAND @
JOHAMMESBLURG

OFFICE OF THE DEPUTY REGISTRAR

OF June 2019

Mustapha Aliero Halide
Student numbar 1066648
fA, Mescticine | Dissertation)
School of Therapautics

TO WHOM IT MAY CONCERN

“Knowledge, attitudes and perceptions on the managemant of malaria
and evaluation of an efficacy of commercially available mosquito
repellents in Johannesburg, South Africa”

This letter serves to confirm that the above project has received permission o
ne conducted on Univensity premiaes, andior iwolving staff andlor students of
tha University as research pardicipants. In underlaking this research, you agree
o abide by all Univeraity regulations for conducting research on campus and to
respect paricpants’ rights b withdraw Trom participation at any time.

If you ane conducling research on ceraln student cohors, year groups of
courses within specific Schools and within the teaching term, permission must
b soughd from Heads of School or indivkdual acedemics.

Mo ressanch can commence before ethicel chearance has been obtained. Kindly
forward a copy of the cearance cerificate 1o this office,

j;ll;';??ﬁm

Carol Croslay
University Registrar

Private lag 3. VWi, M50, Scuth Africa | T 27 01 Fi T o0 | F <27 88 BSL 3571 | werw wils do.2a
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APPENDIX M

Federal University Birnin Kebbi Registrar’s approval letter. Ggp

FEDERAL UNIVERSITY BIRNIN KEBBI

P.M.B. 1157 BIRNIN KEBBI NIGERIA
UNIVERSITY RESEARCH AND £TIICS COMMITTEE
OFFICE OF THE VICE-CHANCELLOR

FURK/ARECROH1 VO] DATE: 9™ JUNE. 101

Dy, MAC Halide,

Depamtament of IBarmicalogy.
Foederal Univensity Bimin Kehis,
MU D1ST, Dimin Kebhi,

Drear Uy, Halicha,

| ETINCAL CLEARANCE CEHTIFICATE
| " This i o acknowledye roceipt of 8 propased study (o be undenaken by jou with dewals s Rollpws

Name of Principa] lovestigator  [v. AMLAL Hialidu

Addres: School of thermpeulic Scionces Dopartment of Pharmsey
Maarmacelogy Medical Schoanl. !
Prajeet Tiitle: Knowledge, Atfiludes and Perceplions on Mansgement of Malana |

And EfMically of Commercially avoilible Mosguitn repeflans

The propossd was earelially scrutinieed by the University's Ressarch and Ethies Commines and has
idjudged o meet the panimeierns of cthics in Research and is hereby approved i be conducied in the
Callege of Healih Scivnces of the Uiniversay, You should ensune sana complisnce wilh Beseanch nmnd

Erhles Commiiee protocols.

For: Viee Chaneellie 2
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APPENDIX N

Head of school of anatomical sciences approval letter.

School of Therapeutic Stiences ay
Phansssoogy Ovion @ WITS

UNIVERSITY

Faculty of Health Sclancas * Privat Bag 3, Wits, 200, Sauth Afica
Tl +27 11717 2542 * £-mal: Ry vandyl it ac.zm * www w24

Mardly, July 08, 2019
Schoal of Anatamical Scieficas,

University of tha Witwatarsrand,

Ta Professar Steyn,

Wy mama 5 (o Musstapha Halkdu Aero, and | am o ragistared Masters shufent by hasartaon i tha
Phermessalegy Ohision &t the Linvarsty of the Witwatorsrand, | am werking on the ressarch Profect
Im:Kmdgn.ﬂmmmdpurmmunmnmnmﬁmumwmw{xm“mulq
wvallably missgiuta repallants In Johanneshurg, Soulh Afia, The aims of (s shudy A 1 sEsiss
thes knciwiacige, aitiudes and perceptions on managaments of malada fn Johennasburg aad to
aanisst if fose managaments ane hisad on the curent South Alrican guidalines
The study is to ba supervised by Profassor Rabiyn van 2y and Professor Shelley Schmaligrubar,

This sty s basicaly s sectional with an axparmental wark i ba canducted in tha kabaralory.
Tha resaarch wil ivelvé all rgistared under graduate and pust graduatn studards in tha Facully of
Health sciencas. Trleqm!ﬁmrnieulalwmﬁﬂrmmdmmmmmwdm and patients
In the feai-hespital selecii for Ihis study within e city of Johannesbiurg.

Farmission to administar the Guestannaira 10 the eludents and slaffs fas baen cbiaied from
e Universiy registrar and appicalion has boan sel o the haman resesarch atics comiribies
awaiting appral,

I heelsy recquesi for your kind support and permissian for me ta adminisser sell-adriinlstarad

quastiorngire o fhe under graduate and post graduate studants i e School of Analomical
Srhanagy,

The partcipants will be only those thal vakuntarll agres o perticipaie In the eludy, thar are o
gt o anipatied sk to parlicination in this eudy. Tha quastionneirs is beied and o be ppliad
aliher anding o ihrcugh paper and pen depanding on the praforanca, such as not to gl any
acivity of the eludanis,

Alsa, lesi ba assured that g data | w1l gathor for e study wilramaln absolulely corfidential
and will b usnd for seadatmi purpases ondy,

‘r’mrnmmmbmrﬂmihlmmwlbawll_tamreelnd. thank you in advanca for your
inbareil and nsaistancs o conduct this researc,

Fyou agres, Fincly sign below acknowledging yaur consent and pemissian for ma i et this
resaarch In e School of Anatomical Sciences, Altemativaly, kindly submil & basar of pér&gion an
your School & tathisd acknawlacing yaur consent and panrission fr ma to canduct this research
in yaur Sahoal,

Yrurs sincenedy,

CmRva o
Wustapha Halidu Allarg,
[MEBES and Masiors aiudant)
OBOBABE s durts wits.x0.zn
27 B4 T 032

L LT T TP PP T T "y EETTILL LT

UNVERSITY CF WTIAAT FaRAND
s

SCHODL OF ANATOME
Signaturs &nd Stamp, Dl

Pfu-lp— M Skf-{_\

Frint yoUr R and it here.

Bopen, Wk pleac ol cwe fleg Tl i

e achuhe
mpack on O aredesie achuhe
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APPENDIX O

Head of School of Therapeutic Sciences approval letter.

WITS

URIVERSITY

Division

Sehool of Therapautle Selences o
Onpartmin of Bharmagy and Prarmacslogy @

Facully of Health Scinces * Privata Bag 3, Wi, 2050, South Adica
Tel, #2711 747 2642 * E-mal; Rotryn.vanZylwits.on.zm - wwe wis.ac.za

Martiy, July 08, 2019
Schual of Tharapeutics Sclaness,

Unesaily of the Wibwmlersrand,

Tor Prafissar Myazwa,

My rame = O Mustapha Haficu Aliero, ared | am g registered Mastars student by dissedtalion in e
Pharmacoiogy Divslon 8t the Univarsity of the Wwatarsrand, | am working on the research projact
Uilld: Krwleclge, Atsturas and Percelions on management of Malaria and eficacy of commardially
avalable mosquit rapalants in Joharnesburg, South Afica. The sims of this ludy an |o 383858
tha knowledga, atiludes and perceptians an manapemenits of malera in Johennasbirg and b
assess I hess managaments & bisad on tha cuent South Alrican guidalines,

The eludly is 1o be supenvised by Profassor Rebiyn van 2yl ard Professor Shaliy Schmaligrubsr,

This slisdy is basicaly cross soctional wih an exparimental werk o ba conducted i the labaratary
Tho resaaech wil v sl egiserad under graduale snd post raduate studkns I he Faculy of
Health sclonoes. The quastionnairs will alsa be adminlstared t: v health care providars and pabisnts
i1y this Four-hospal salectad for this study within the city of Johannesbirg,

Pertilsgion bo administor the questionnaie o the sudents and stafts has besn abiained from
the: Univaraily fagisires and applicaion has been serd fo the human ressarch allies commition
awiting approval

I beratay magquast far your Kind supprl end permission for me to adninlster g solf-adminislered
Quesicnnaire 1o the urdr praduate and post grasduatn studends in the Schaol of tharapautics
Seiences.

Tha paricipants wil be anly i that volrdarly agres to paricipate In tha study, there ars no
i or anticipated rigk 10 paripaion in ths study, The quastiannsirs is bref and 1o be applied
élther online or shrough paper and pan depending on the preferance, such ms not to dsrupt any
Aoty of the ehudants,

Alsa, plaerse be sgured that the data | will gathar for (Fis study will remain abaohitely confidential
aandd will ba 1said for acaderic purposas oaly,

Your appeoval o conduct this research vill ba greetly appreciatad, thank you in advance for your
inlesniss and asnistance 19 canduct this resnarch

|1y aigree, bindly sign bedow acknawledging your cansant and parmésalon fof me b condug this
resaarch in the School of (wrapeuics Sciancas, Altemativaly, kindy submit & lafler of parmissizn o
your School hetterhead ackhavwiedging your sonsent and permission for ma b conduet this reeagrch
In your Schoal,

Yaurs sincenaly,
Crmmen. =

Mustagha Halicy Aloro,

[MBBS and Mastors #ludan)

16006404 studonts wits acm
2T B4 16032

Pl your name and e hara, Signature and-Stamp. Date
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APPENDIX P

Head of school of oral health sciences approval letter.

School of Therapeutic Sciences
Pharmac

@ WITS

Dapartmant &f Frammacy ond Phermacsiogy UNIVERSITY
Faculty of Health Sciences * Private Bag 3, Wits, 2050, South Africa
Tal: +27 11 TAT 2542 - E-mail RobymvanZyh@wiis.ac.za - www.wits.ac.za
Monday, July 08, 2019

Sehool of Oral Healh Sciances,
University of the Witwatersrand,

Ta Profassor Namutandan,

Wy nm is D Mustapha Halidu Aliero, and | am a rogistered Masters student by dissariation in tha

Pharmacalogy Diision at the Liniversity of th i lam 5 on thy pioject
fithad: M,Amuu-mm.unmwwmm and afficacy of cammarncialy
avalable mesquit repsllats in Johanneeburg, South Africs. Tha alms of this shudy am o assass
iha | atstutes &nd on of maaria in g and 1o
assess H thase manapements ane based on the surment South Altican guidedngg,
The study ks to be supendsed by Professor Riobyn van Zyl and Professar Shallay Sehrmoligruber.

This etudy is basically cross sectiona? with work 1o ba In the: labaratary,
The research will mvalve ail registered under graduats and post graduats students in the Faculty of
Health sciences. The quastionnaive will s be adirinisinrod b2 the health care providars and patisnts
In the four-hospitel eeiscied for this study winin the eity of Joharneebury,

Permissian ta administer the questisnnain o the #tudents and staffs has bean obksined from

tha Liniversity regisrar ant épplication has been sent (o the hurnan ressarch othica commitien

awalting appeoval.

I heraby request for your kind suppeet and ision for me to admi B el
quesfionnaie & fhe under graduate and post graduste students in the Sahool of Oral Haslth
Sclances,

Thas participants will be aly those thet voluntarily agres o parfcipata in the study, thers am no
h\mnurmﬂpdndr'ulwnmpuhnnmmmdr.mwuuﬁmmimhtﬁmandh be appked
aifher onling or Mrough papar and pen dapending on the profarance, such &g not 1o disrupt gy
aciivily of the shudents,

Alan, pisase be assured that tha data | wil gathar for s sticy will ramain absoluely configantial
ard wil be used for acadaemic purposes anly,

Your spproval to aonduct this fesaarch will ba greetly sporeciates, thank youin advance Sor your
interast and sssistance to condues his ropgarch,

{MBES ang Masters student)

195648 studants wits.ac 2a
+27 84 718 032
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APPENDIX Q

Head of School of Pathology approval letter.

School of Therapeutic Sclences ey
Pharmatology Division @ WITS
Dopartmesd of Pharmacy and Pharmicaiogy UNIVERSITY

Faculty of Heallh Bciefices  Private Bag 3, Wits, 2050, South Alrica
Tel, #27 11 717 2642 - E-mail; Robyn. vanZyl@iwils.ac 28 - waw.wils.ac.za

Monday, July 08 2019

Schoal of Patholagy,
Ursivessaity af the Witwatarsrand,

To Prafessar Mahlangi,

re: REQ

My nam i5 Or Mustapha Halidu Aliara, and | am & ragistersd Masters studant by dissertalion in the
Pharmacoogy Division at the University of e Witwatersrand. | am working on the resaarch projct
lilled: Kol cige, Atfiludes and Perceptions on managemant of Malaria and eficacy of commercialy

valable mosguits repaliants in Johannesburg, Sauth Afrea, The aime of this study an to aswess
the kncaledge, attibudes and parcaptions on managements of malara in Johannasbung and Lo
aasess if thase managements ar based on the current Stalh African guideings,

The study i |t be supendised by Professor Rabyn van 2yl and Professar Shelley Schmaligrubar,

This study 15 basicaly croes seclionl with an experimental work to be condueled i the laboraiory.
The research will Invobie 6 registenad under graduats and post graduate shadents In the Faculty of
Hexaith stiércas. The questionnaire wil alss be administered to e health care providers and patients
In the four-hospital selected for this study within the city of Johannsaturg.

Permission 1o sdminister he questionrsine 1o the students and staffs has bean obtained fram
the University repistrar and spplication has baen serd to the human research sihics commities
awalling sgproval

| heaty racueet for your kind support and permission for ma 1o administer & ssi-administened
questiannairg ba the undar graduate end pes! graduate studants In th Schaol of Pathalogy.

The participants wil b only those that valurlarly sgree to participate in the study, there s no
knawn of anticipated risk fo parficipation in this shady, The guestonaaine is brief and b be appind
either online ar rough paper and pen depending on the prafemnce, such 88 not 1o disfup! any
activity of the studants.

Also, please be sssured that the data | will gather for this sludy will remain absolusely conficansal
anel will ba usad for aeademic purpesss only.

Your approval lo conduct (s resaarch will be graatly apprecited, Sank you in advance for your
Interezt and asstsiance o conduct this rmeearch,

1f you agrae, kindly sign balow acknowledsg ing your consent and parmission Tor ma b conduct this
resesarch in the Scheal of Pathology. ARernathaly, kindly submi & ktter of pemission on your School
lebiarhead acknowledging your consant snd parmissicn for me fo conduct this rasearch in your
School

Yours sincerely,

- R

Mustapha Halidu Aliarg,
IMBBE and Masters shudant)
{eiit B students wis.ac 23
+ITBATIR0IZ

sahicial of Pathaleg ¢

e AL G

Print yaur nama and fitte hara, Data
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APPENDIX R

Head of school physiology approval letter.

Your approve| tn mmm‘-mmmm negmanmueu. thank you in ateancs for your
Intiret and E=lancs ko conducs this TESERAN,

School of Therapeutic Scionces
H you agree, kindly sign balow ackniwledging ywrmmmmarmhumfwmmmnm

o on @ m!g% s rreearh n he Sl f Physioiogy. ARemathely, kil sutm A lelor of permisaian on your
! eseny Schnfmmdal:kmmdgm ¥OUF consent and Nﬁmiﬁnfwmlnmmm fesganh i
T T S -
- : VBAZYARwils. a0,z + YW i o
Yours sincersly,
— Monday, Juy g, 2079 e
s e e,
mml‘vﬂ’“ﬂ""ﬂﬂnmm. Mustapha Haliy Aern,
(MBRS ang Mastérs shient)
1060648 shudents wihs gy
27 B4 718 037

Prh:youruunowmmm

oF
EYERLO0Y
= 4

T

Ao, nh-uebmwmumauamm i
@athar for thig i
MM"Wmuhrmmmanly_ Mlﬂlmmmmlmmnﬂdmhl
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APPENDIX S

Head of School Public Health approval letter.

)

School of Therapeutic Sciences LI}
Pharmacology Division @ WITS
Department of Fharmy and Pharsacelogy UNIVERSITY

Fatully of Heallh Sciences - Private Bag 3, Wils, 2050, South Africa
Tel: «27 11797 2542 * E-mai : Rokyn vanZylewiis.oc.2a - sww wits. a0z

Wanday, Juiy 08, 2019

School of Fubilic Heallh,
Univarsity af the Witwsiersrand,

To Totias Chinwa,
ve: REQUEST FOR PERMISSION TO ADMINISTER QUESTIONNAIRE TO THE STUDENTS IN
| oty e s Cor Mustapha Halkdu Alkaro, and | am a ragistared Masters student by disaentation in the
Pharmacalgy Divialon at the Uniersity af the I am working o th ch peoject

fillexd: Knerdecige, Affudes and Parceplions on managament of Maaria and efficacy of commarcially
avafiatle momquity repelianss in Johanrashurg, South Afca, The aims of his sludy 6% 1o assess
the knowledg e, sififudes and percealions of of malaria in and t
asseas il hese managements afe based on the cument Soulh Alrican puidalnas.

The sludy s 10 be supenvised by Profassor Rabyn van 2y end Prafessor Shallay Schmalignaber.

Thits study is basically cross sectianal with wrk bo b
The ressarch wil invalva all registersd ndar graduaie and post graduste students in the Faculy of
. ) e )
Heglth adr P

in tha four-hasital salecied for this shudy within the cily of Johannasburg,
Parmissicn fo administer the questiornair to the sludents and statfs has been ablined from
{he Univarsty registrar and appication has been sl to the hurman research ethics commitine

awalling approal
| harsty requast for your kind suppart and pamisaian for ma to administer 8 suffadministersd

quastionnai 10 tha under graduain and post grecuaty studants in the School of Public Heath,
The participants will be crly thase that voluntarly agree o paniipats In the stury, ihera ara no
ks or anticpatad risk io parficipation in this study. The quastionnaire is Leisl and to be applied
wither oniing o through paparandpendawﬂlrgonlrnnrwm. such 85 nok b dmnapl any
antivity of ihe Stucenls.
Also, plm-enammmmmlMlumhmbwwmmhmmh-mm

and will ba s for acadamic purpases onfy.

Scanned by CamScamner

Your approval to conduct this resesrch will be greally appreciated, thank you in advance for your
inferest and assistance 1o conduct this research,

If you agree, kindly sign below acknowladging your consenl and permission fr me to conduct this
rasuarch in the School of Public Heallh. Allernatively, kindly submit a lefler of permission on your
Schol letterhead acknowledging your consent and parmission for ma to conduct this research in
your School,

‘fours sincaraly,

& ;n_‘ -
Mustaphs Haldu Alano.
(MBBS and Masters studant)
19RRf4RG students. wils.ac.28
+27 B4 T16 032

Signature and Stamp. Diate

Print your name and tittle: hara.

Scanned by CamScammer
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APPENDIX T

Head of School of Clinical Medicine approval letter.

thwlafﬂmlpl;:c"&lmﬂl v WITS Yir Wummmhgmmwlmgmwmdmd.wuwn advanie ko yoar
mmudl‘nfn‘:qw Frarmsatagy @ UNIVERSITY st e koo b O i e

It you agrea, kincly sign bekw acknowledging yor consent and parmisgion for ma i conduct tis
rasearch in g Schoal of Clinical Madline. Alieralively, kindly submil & betier of permissian an your
Sehaol latiarhand acknowladging your consent and permission for me to conduct this ragearth In
yiuir Sehoal,

Faculty of Haallh Sclences  Privala Biag 3, Wits, 2060, Scuth Afic
Tak 427 11717 2542 * E-mall: Rotyn vanZyl{iwils.a0.2 Vi w28

Monday, July 06, 2019

Sehool of Clinkal Medicing,
Uinlversity of the Wiwatersmand,

Yours sncessly,

P T
Mustapha Halidu Allar.
[MBES and Mastars sladen)
Bl aludants wis.ac 1
27 B4 THB 032

Ta Frofessor Ballt,

My rame s Dr Mustagha Halkdu Alkro, and| ama raglstored Mastars studnt by dissertationin the

Phamacalagy Division 8t fhe Univarsty of the Witwatarsrand. | am werking on the researen project
o Knaviadge, Atudes and Paronpfiors n managema of Malata nd afcacy of commarcily W
D B D ..Li..sj..».xq. e
[atia

avaitabie mosquils repellents in Joharnesburg, South Atica, The sims of tls sludy ara 1o BSM0ES
e hwledge, atitudes ard percaplicns on managements of malara in Johannsairg and to
‘usss f thess managements are basad on the cumant Souh African guidelings,
“The sludy 8 to b supervised by Professor Rolyn van 2 and Prafasasr Shallay Schmolprider.
Thhﬂudyinmlh'umwmlwlmmanupﬂﬁnﬂmmmwmlnmlm
Th rassarch wil Imvolve sl registered undar graduale and post gradunte shidants 0 e Faculy of
mmﬁmu.hmwhmmmslmhsmunumdmwnunﬂmwdmw patiarts
1t Four-hasptal eelactod far s sy wilhin thecity of Jahannesbur.

Parmission io sdministar the quesionraig o the tudanis ard slpfts has baan obiained fom
the: Univarsity reqisirar and applkcation has boen eart ta the Tuman rosearch elhics comirities
aalting approvel

| heratsy roquest for your kind suppart and pammissian for m to administar 8 sll-administerid
questanmalr to i under graduals i poat gradunte siudents In the School of Clirical Madicine.

The pariiants wil be oriy hose that yoiuntarly agrea o participeta in the etudy, thane &F& Nl
Jeican or nlicipasad risk o panicipation i this study. Tra questinnalns ié brisf and to be applied
aithar caling ar through paper and pen dapendng an fha predirenca, such 88 not i disnupt wny
nctiviy of tha students.

Alag, ploase be ansured hal ha it | will athoar for thi study wil ramain aholutaly confidential

il your name and titls haro. Signature and Stamp.

and wil ba wsad for aoademi: purpoass O,
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APPENDIX U

University of Witwatersrand Human ethics research committee approval
certificate Part One and Part two).

HUMAN RESEARCH ETHICS
COMMITTEE (MEDICAL)

LINIVERSITY OF
WITWATERS
JOHANNFSELIRG

Office of the Deputy Vice-Chancellor (Research & Post Graduate Affains)

TO: D MA Haldu
School of Thempeutis Sciences
Deparment of Pharmacy and Pharmacology
Madical Sohacl
University

E-mail. 1 665848 Bstuderits wits a2 23

=4 SUDG'\'E-D' P\'NSR van Zyl, 5. Schmaolgruber & L Koakemoar
RC.za>

FROM: Lain Bums
Human Rasaarch Ethics Commities (Mecical}
Te: 011 717 1252
E-mal: |ain Bumsifis ac za

DATE: 018128

REF: Ridid

PROTOCOL MO: Mi8088T {This i your ethics appication study reference number. Please:
quste this refarencs number in & carespondence relating bo this study)

PROJECT TITLE: Kinowiadgs, SMlutks g percaplions on mansgamen! of
malarks and eflcacy of COMMET/EY Fvalatis Mosquils
repaXants 7 Johanmestwy, South Afice

Please find aftached the Clearance Ceriiicate for the abave praject, | hope it goes well and
Ihat an amck in @ facognized pubicalion comes oul of & This wil refisct well an your
professional standing and contrbia to £ Goeamment funding of he University

NERN SO AT e rcan wps

14045 Dr M Halidy

HUMAN RESEARCH ETHICS COMMITTEE (MEDICAL)

CLEARANCE 7
HAME: Dir MA Haidu
’E"nﬂ' 1l Miveatig ator]
DEPARTMENT: Echoal of Therapeulic Soences
Departmant of Phamacy and Pharmacalogy
Madical Schoal
Unnosrsity
PROJECT TILE: attitudes ard

o
malaria and effeasy of commarcially available masguils
rapeilants in Johannasburg, South Africa

DATE CONSIDERED: 2016/08/28

DECISIQN: Approwed uncanditionaly

CONDITIONS:

SUPERVISOR: Frafs R van Zyl, §. Schmaligruber & L Koakemoar

APPROVED BY:

DATE OF APPROVAL: FIRETRI R

Thin i el fee 5 1. Extersion may be applied for.

DECLARATION OF INVESTIGATORS

Ta be completad in dupicate and ONE COPY kst 1o i Fsearch Office Secratary con the Jrd Flocr, Philip
Tobias Bukding, Parktown, University of £ \Wiwalarsrand, Johannesburg
e flly understand #w condlices under whish | amise are autronzsd o camy cut e above-sanionod
ressarch G U UNKIAKR 10 Gnsure compllance wih these Gondiond. Showd any ceparur be
cantemplated, |.nm e resirch protocol as approved, bwe underisks fo submil detslls i iha mitice. |
ot Fess pupent Whan a funder reguires amnual re-cerdfication, the apgication date
il be o yuar .m o 0l whaan 1 study wats intlally reviewer. In s cace., the sty wis infialy reviewed
in June and wil feefcos rpors and m-cerihcaion wil be dus sarty i the month o Juné Gath yasr.
Unveseriad ehangea b ha agelizason mary nvaliais e dearance guen by the HREC (Madican

Principal investgator Sgralure Date.

FLEASE QUOTE THE CLEARAMCE CERTIFICATE NUMBER IN ALL ENQUIRIES
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é, HUMAN RESEARCH ETHICS P74/ Dr WA Hadidu

COMMITTEE (MEDICAL) HUMAN RESEARCH ETHICS COMMITTEE (MEDICAL)
CLEARANCE CERTIFICATE NO. M200177

LAITY OF THE
TERSRANIDY

JOHANNESHL
Office of the Depusty Vies-Chancalor (Research & Post Graduate Affairs) Dr b Halidu
DEPARTMENT: ‘Schad of Therapeutic Sciences
To: D Wl Haalidu . Degarmnl of Pharmacy and Pharmacolagy
School of Therapeutic Sciences Frarmacciogy Dvsian
Dapartmnt of Phammacy and Fharmacology Medical Schoal
Pharmacalogy Division univarsity
Mudical School
Unisrsiy PROJECT TITLE: Knowlzdge. atiitudes and perceptions on management of
} mialaria and efficacy of the commercialy-sveilable
E-mail 186664R@ENId0LS wits A28 gmqulk! repaliants in Jonnanesburg. South Alica
hase 2
cc: ‘Supervisor. Professor R van 2y) <Bokyn, vanZy\Rwils &5, 28~
and <HREC-Medial RegeaichOlfice fivwits 8¢ 24>
DATE CONSIDERED:
FROM: lain Burns pates
Human Research Ethics Commitiee (Medical) DECISION: rarvisd uncondbionall
Tel 011 17 1252 A "
E-mail: [zin. Bumsihails ac.za :
DATE: 20200305
REF! Ri4u8
: Prafessar B van 2
PROTOCOL ND: MZBONTT (Tis s your efcssppietion sy reernce umbar. Plesss = roleasarRan 2y
quote elating fo this study)
W’ -

PROJECT TITLE: Knowledge, affiludes and panceplians an management af
malarta ang efficacy of #he cammevcialy-avalatie Dr CB Pan

masguito repelients in Johmanesburg. South Africs
DATE OF APPROVAL: 20200305

i = valid tor 6 I . b applied for.

-HREG [ Medizal)

Plzase find attached the Clearance Certiicate for the abave praject. | hope it goes well ard DECLARATIDN OF INVESTIGATORS
Ihal &n arick i 8 recognized publcalion comes oul of iL This wil reflect well on your

| Tox b coenp bted i duplicats snd ONE COPY retermed In fhe Reszarch Office Secetary on the Ird Floor, Prillp
Fm.ams_n‘nna standing and canirbula io Fw Govammend funding af the University. Tobsas Buikfing, Parkicwn. Usiversity of the Witwstersrand, Joharnesturg.

Uwe fuly urdarstand the mndle«a under which | amie are suthorized 1o cary oul the sbove-memsonsd
reegarth and Uwe undonoke to orsur complancd wil age condiies. Srould sy dapitee Be
comismpatid, fiom the resaarch proincol &8 apprsied, el usBartake 1o submit Gt % thi Commities |

ree b st o peark When = funder requines anval re-cariication, fhe applcaion daie
Wil Ba ena yaar afloe la slits whisn the shody was imitaly revimwed. I this case, S study was nitislly reviswed
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APPENDIX V

Federal University Birnin Kebbi and Kebbi State Ministry of Health Ethics
Approval Letters.
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APPENDIX W

Approval of change of title (HREC and FHS post graduate office).
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JOHANNESBURG

Reference: Mrs Sandra Benn

E-mail; sandra.benn@wits.ac.za

28 July 2021
Dr MA Halidu Person Mo: 1966648
Federal University TAA
Kebhbi
1157
Migeria

Dear Dr Mustapha Halidu

Master of Science in Medicine: Change of title of research

I am pleased to inform you that the following change in the title of your Dissertation for the degree of
Master of Science in Medicine has been approved:

From: Knowledge, attitudes and perceptions on the management of Malaria and efficacy
of the commercially available mosquitoes repellents in Johannesburg, South
Africa

To: Malaria related knowledge and prevention practices: A comparative study
between South Africa and Nigeria; and efficacy of commercially available

mosquito repellents.

Yours sincerely

E:-(_.Jm

Mr= Sandra Benn
Faculty Registrar
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APPENDIX X

Animal Research Ethics Committee Anopheles Waiver Certificates for Efficacy
Assays.
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Re: Waiver from the Animal Ethics Ressarch Committee of the University of the
Witwatersrand: Blanket waiver for Post-graduate students
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Profewor Rebyn van 2yl of Department of Pharmacology Divisien; Pharmacy and
Pharmacology, does not require full Animal Ethics Research Committee clearance to
undertake the research spedfied in the attached letter.

Reason for waiver

Profesor van 2yl already has waivers to conduct research on Artemia (07-11-2017-0),
Anophetes (07-11-2017-0) and for Daphnia bioasays (H18-10-040).

These are invertebrates and are not required to have AREC dearance in order to
conduct research on them.

The listed students are being supervised by Prof van Zyl.
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Conditions
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Plaate contact me should you reguire further information.

Yours sincerely

Gealfrey Candy
Chair - Animal Ethics Research Committes, University of the Witwatersrand
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Mr Roald Naidoo [1057215] - “The transdermal delivery of terpenes as antimalarizl
agents”.
Dr Mustspha Aliero Halidu [1966648] — “Knowledge, Attitudes And Perceptions On
Manzagement Of Malaria In Gauteng”™.
s  BH3c Honours in Pharmacology

o Tarkiso Motloung [1116602] - “The insect repellent properties of commercially
availzble products”.
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repellant products”.
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